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EXECUTIVE SUMMARY

The work described in this report was conducted in support of the Waste
Processing project for the Solar Ponds, Pondcrete, and Saltcrete. This report
has been prepared by HALLIBURTON NUS Environmental Corporation in support of the
Solar Pond Remediation Contract (EG&G Subcontract Number PC84017JB) .

The Treatability Study Report describes the requirements, procedures, and the
results for the testing conducted to develop a chemical stabilization and
solidification formula for Solar Pond 207C contents and the Clarifier contents.
All testing of the Rocky Flats waste was conducted in the HALLIBURTON NUS
Treatability Study Laboratory in Pittsburgh, Pennsylvania.

Pond 207C contains approximately 500,000 gallons of high salt waste that is
classified as a low-level mixed waste. The contents of the pond are in three
phases; water, crystal, and silt/sludge. The Clarifier tank contains
approximately 27,000 gallons of sludge and water and is also classified as a low-
level mixed waste. Both the Clarifier and Pond 207C are listed hazardous waste
for waste codes F001, F002, F003, F005, F006, F007, and F009. Both are also a
characteristic hazardous waste for toxicity of cadmium (Waste Code D006). Pond
207C is a characteristic hazardous waste for toxicity of arsgenic and chromium,
which corresponds to the D004 and D007 waste codes.

The goal of the treatability study was to develop a chemical stabilization and
solidification (CSS) formulation that produces a final product that passes all
regulatory certification requirements and the Nevada Test Site (NTS) acceptance
criteria as specified in the "Nevada Test Site Defense Waste Acceptance Criteria,
Certification, and Transfer Requirements", NVO-325. Although there is no
certification requirement for durability testing, considerable effort was devoted
to wet/dry and freeze/thaw durability testing because of the likelihood that the
stabilized waste may be stored at Rocky Flats for an extended period of time
until ultimate disposal at NTS.

The general concept used for developing the CSS formula followed a progression
from screening binder/waste formulations through a more comprehensive evaluation
of variables. The experiments used to develop the CSS formulation were conducted
using factorial experiments, which allow independent evaluation of the effect on
one variable from the interaction of other variables. The treatability study was
conducted in phases. The initial testing (Phase I/I1I) used factorial experiments
to evaluate the interaction of cement and flyash by varying the dosage of each.

Deliverable (Combined) 235A and 235B
POND 207C AND CLARIFIER
TREATABILITY STUDY REPORT ES-1



Several experiments were also designed to evaluate various additives to improve
long-term durability. Phase III/IV testing consisted of experiments designed to
determine an operating envelope in which the €SS formulation produced a final

product that achieved all regulatory and acceptance criteria.

The selected CSS binder formulation for Pond 207C and Pond 207C/Clarifier waste
includes Type V portland cement, Type C flyash, and hydrated lime. Halliburton
Services Latex 2000 System can be added to improve matrix resistance to
environmental changes (freeze/thaw and wet/dry). The target pozzolan blend of
cement, flyash, and lime is 1.0/2.0/0.075 on a weight ratio basis. If latex is
added, the target dosage is 5 percent by weight of the cement. Testing indicated
that the CSS formulation is not extremely sensitive to the ratio of these
components, which can wvary considerably from the target ratio and still
successfully achieve all regulatory criteria and NTS acceptance criteria.

Key operating parameters for the CSS process include waste loading and the water
to pozzolan ratio. The treatability study defined an operating envelope for each
of these parameters. Operating within the envelope will produce a product that
should meet all acceptance criteria. The target water to pozzolan ratio is 0.42,
but successful results were obtained over an operating range of 0.34 to 0.56 for
207C waste, and 0.34 to 0.50 for the combined 207C/Clarifier waste.

During remediation, the process will be controlled by monitoring the input and
output slurry specific gravities. The input specific¢ gravity corresponds to a
total solids and water content, which at a specified water to pozzolan ratio,
determines the required specific gravity of the output. The radioactive
densometer on the Halliburton Recirculating Cement Mixer continuocusly monitors
the output specific gravity and makes any necessary adjustments to the pozzolan
feed, as required, to maintain the output specific gravity to within 1 percent
of the set point.

It can be concluded from the treatability study results that if the operating

envelope is controlled to the prescribed criteria, then the waste product should
achieve the following:

° Pass all LDR requirements for F0Q01, F002, F003, F005, F006, FOQ7,
and FO09 listed wastes as regulated by 40 CFR Part 268.

. Pass the requirements for characteristic wastes by toxicity for
D004, D006, and DOO7 as regulated by 40 CFR Part 261.

Deliverable (Combined) 235A and 2358
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® The final waste form will be considered a solid as determined by the
Standard Test Method for Determining Whether a Material is a Liquid
or a Solid (ASTM D4359-84) .

L The final waste form will have no free liquids as determined by the
Paint Filter Liquids Test (SW846, Method 2095).

° The final waste form will achieve acceptable strength as measured by

unconfined compressive strength.

Deliverable (Combined) 235A and 235B
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1.0 PROJECT DESCRIPTION

This treatability study report describes the requirements, procedures, and
results for the testing conducted to develop chemical stabilization and
solidification (CSS) formulations for several waste sources at the Rocky Flats
Plant. This work was conducted in support of the Solar Ponds/Pondcrete/Saltcrete
Waste Processing project being conducted by HALLIBURTON NUS Environmental

Corporation. The waste sources of concern that are discussed in this report are
as follows:

. Solar Pond 207C sludge and water
. Clarifier sludge and water

The results for the treatability study conducted on the A and B Solar Pond
sludges will be discussed in a separate document. Additionally, this report will
primarily discuss the results of the final phase of the treatability study which
represents testing conducted to ensure compliance with all RCRA Land Disposal
Restriction (LDR) and free liquid requirements. Preliminary testing for the 207C
Solar Pond and the Clarifier are discussed in the following documents, which are

provided in Attachment A. A discussion of the preliminary testing is provided
in Section 2.2.

. Memo to Ted Bittner from Tom Snare (January 20, 1991) Correspondence
Number C-49-01-92-57 (Attachment A-1).

. Technical Memorandum, 207C Stabilization Results From Initial Phase
of Testing, Revision 1, HALLIBURTON NUS, May 6, 1992 (Attachment
A-2).

. Clarifier Memo, HALLIBURTON NUS, May 1992 (Attachment A-3).

. Memorandum, Cyanide Oxidation Test Results for Pond 207C,

HALLIBURTON NUS, March 15, 1992 (Attachment A-4).

. Memorandum, Pond/Clarifier Sludge Geotechnical Data-Modified Method,
HALLIBURTON NUS, May 13, 1992 (Attachment A-5).

The following sections contain the site history, project purpose, description of
the remediation process, and description of the treatability study process.

Deliverable (Combined) 235A and 235B
POND 207C AND CLARIFIER
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1.1 AUTHORIZATION

This report has been prepared by HALLIBURTON NUS Environmental Corporation
(HALLIBURTON NUS) in support of our Solar Pond Remediation Subcontract (EG&G
Subcontract Number PC84017JB). The purpose of this report is to summarize the
treatability study work conducted at the HALLIBURTON NUS Laboratory in
Pittsburgh, Pennsylvania. This report provides supporting documentation for all

treatment-related criteria required for certification of the final stabilized
waste form.

This report is defined as Combined Deliverable Number 235A, 235E, 236A, and 236E,

encompassing both the Treatability Study Report and the Process Formulation
Report.

The Treatability Study Work Plan, Combined Deliverable 231A, 231B, 231C, and 231E
(Draft 2) (HALLIBURTON NUS, September 1991) was provided to EG&G in September
1991. After an October 9th briefing of the proposed Treatability Work Plan in
the EG&G offices in Golden, Colorado, a joint understanding between EG&G and
HALLIBURTON NUS was reached that the scope of work may vary substantially during
the course of conducting the Treatability Study because of the complexity of the
work, and that no effort should be made to continually revise the Treatability
Study Work Plan. Authorization to proceed with the treatability study work

described within this report was provided verbally to HALLIBURTON NUS by EG&G,

'
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1.1 AUTHORIZATION

This report has been prepared by HALLIBURTON NUS Environmental Corporation
(HALLIBURTON NUS) in support of our Solar Pond Remediation Subcontract (EG&G
Subcontract Number PC84017JB). The purpose of this report is to summarize the
treatability study work conducted at the HALLIBURTON NUS Laboratory in
Pittsburgh, Pennsylvania. This report provides supporting documentation for all

treatment-related criteria required for certification of the final stabilized
waste form.

This report is defined as Combined Deliverable Number 235A, 235E, 236A, and 236E,

encompassing both the Treatability Study Report and the Process Formulation
Report.

The Treatability Study Work Plan, Combined Deliverable 231A, 231B, 231C, and 231E
(Draft 2) (HALLIBURTON NUS, September 1991) was provided to EG&G in September
1991. After an October 9th briefing of the proposed Treatability Work Plan in
the EG&G offices in Golden, Colorado, a joint understanding between EG&G and
HALLIBURTON NUS was reached that the gcope of work may vary substantially during
the course of conducting the Treatability Study because of the complexity of the
work, and that no effort should be made to continually revise the Treatability
Study Work Plan. Authorization to proceed with the treatability study work
described within this report was provided verbally to HALLIBURTON NUS by EG&G,
with the direction of HALLIBURTON NUS to inform EG&G of test results during the
execution of the study.

1.2 SITE DESCRIPTION

The Rocky Flaﬁs Plant is located approximately 16 miles north west of Denver,
Colorado in northern Jefferson County. The facility is located on 6,550 acres
with the main production facilities located within a fenced security area of 384
acres. Figure 1-1 provides an area map. The area immediately surrounding the
Rocky Flats Plant comprises a combination of agriculture, open space, industry
and low-density residential housing.

1.2.1 Background

The Rocky Flats Plant began operations in 1952 and its primary purpose was to
produce nuclear weapons components. The weapons components are fabricated from

plutonium, uranium, beryllium, and stainless steel. Production activities

Deliverable (Combined) 235A and 2358
POND 207C AND CLARIFIER
TREATABILITY STUDY REPORT 1-2
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include metal fabrication and assembly, and chemical recovery and purification
of process-produced transuranic radionuclides (EG&G Rocky Flats, 1990).

During construction of the Rocky Flats Plant, a solar evaporation pond was
installed. The pond was designed for the impoundment of agqueous waste products
discharged from the Process Waste Treatment Plant. The waste contained high
levels of chemical contaminants, such as fluoride, nitrates, and various metallic
ions. As a result of changing plant operations and environmental requirements,
additional evaporation ponds were constructed. Occasionally, these ponds were
used for the disposal of untreated waste products, such as metallic lithium,
acids, sewage sludge, plating residues, and several other wastes. Sewage

effluent has been reported to have been stored in the pond since 1977 (Wienand,
1992).

Five solar evaporation ponds, designated ponds 207A, 207B (north, center, and
south), and 207C, are located in the northeast corner of the plant as shown in
Figure 1-2. The solar ponds were constructed to store and evaporate much of the
process wastewater generated at the plant. The five ponds are currently being
closed under RCRA.

1.2.2 Pond 207C

Pond 207C covers approximately 0.87 acres. The contents of the pond are
classified as low-level mixed waste. The pond contains high salt concentrations

which approach saturation levels. The pH of the pond ranges between 10 to 11
S.U.

Pond 207C consists of three distinct interfaces; pond water, silty sludge, and
crystals. The pond water overlies the crystals, which in turn overlies the silty
sludge. The pond water is a golden color, with a few black flecks noted in what
was otherwigse described as a low turbidity liquid (HALLIBURTON NUS March, 1992).
Data obtained from recent sampling also shows that the water layer is stratified,
with denser brine at the bottom strata and more dilute brine at the surface. The
solution color changed noticeably with depth. The volume and density of the pond
water apparently varies depending on precipitation, evaporation, and temperature
values. The crystal layer ranges in thickness depending on the temperature of
the pond. The crystals have had a consistency of rock salt and/or well-defined
crystals with a shape similar to a parallelogram (approximately 2 cm long and

several millimeters thick). The crystals have a yellowish to greenish tint
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depending on the sampling location. The silty sludge is fine-grained and has a
green color.

The following volumes of liquid and solids phases were estimated from the depth
sampling activities conducted in April 1992, using an earth moving calculation
program called EARTH 3.

Water 387,300 gallons
Crystal 61,100 gallons
Silt/Sludge 38,800 gallons

1.2.3 Clarifier

The clarifier is a 25-foot diameter tank located between Pond 207A and Pond 207C.
The clarifier was used in the previous pond cleanout to thicken pond sludge prior
to mixing with cement. The clarifier tank contains approximately 27,000 gallons
of sludge and water derived from Pond 207A. This material, which is also
classified as a low-level mixed waste, was placed in the clarifier when the pond
sludge was being treated to generate pondcrete. The water in the clarifier is
yellow/green to brownish in color, with a few black solids noted. Otherwise, the

water is relatively clear with low turbidity.
Depth measurements of the clarifier contents were completed in May of 1992.
Based on the data taken and the clarifier dimensions, the following volumes of

liquid and sludge were calculated.

Solution 15,000 gallons
Sludge 11,880 gallons

1.2.4 Prior Removal and Remediation Activities

Rocky Flats began phasing out use of the solar evaporation ponds in the early
1980s because of environmental concern. The plan for cleanup of the ponds was
to drain and treat the liquid waste and to mix the pond sediments/sludges with
cement. The resulting solidified material, called pondcrete, was to be disposed
of at DOE’'s Nevada Test site (NTS).

Cleanout of the largest surface impoundment (Pond 207A) began in 1985. The sludge
from the bottom of the pond was pumped to the clarifier where it was allowed to
settle before being pumped to a pugmill. Cement was added to the sludge and
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mixed to a desired consistency in a pugmill. The pondcrete mixture was then fed
through a chute into lined triwalls. It is assumed that improper mixing of
cement and sludge resulted in some Pondcrete blocks that did not solidify
properly and, therefore, crumbled and cracked during storage.

Since the discovery of the pondcrete problems in May 1988, Rocky Flats has not
cleaned up any additional sediment from the solar ponds. Currently, the
clarifier contains approximately 27,000 gallons of water and sludge that remained

from the original pondcrete solidification project.
1.3 WASTE SYSTEM DESCRIPTION

This section provides details on the waste matrix with regard to chemical
constituents. The information provided has been excerpted from the Pond Sludge
Waste Characterization Report (Deliverable 224A and 224E, HALLIBURTON NUS, March
1992) and the characterization data for the bulk samples used for treatability
testing.

1.3.1 Analytical Program

The sampling activities to chemically characterize the waste forms were conducted
in August 1991 by EG&G personnel under supervision by HALLIBURTON NUS personnel.
Additional samples were collected in October 1991 to provide geotechnical data
for engineering design. The purpose of the sampling was to provide an analytical

baseline for each waste form that was to be remediated.

The analytical program was developed based on the analytical requirements of the
applicable listed EPA waste numbers for the solar ponds, and also by those
engineering parameters which may be of concern to the solidification treatment
process. The EPA waste codes, provided by EG&G, are shown in Table 1-1.
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TABLE 1-1

EG&G WASTE CODE IDENTIFICATION LIST

Hazardous

Waste

Code Description

FOO1 Spent halogenated solvents used in degreasing

F002 Spent halogenated solvents

FOO03 Spent nonhalogenated solvents

FOO5 Spent nonhalogenated solvents

FOO6 Wastewater treatment sludges from electroplating
operations
Spent cyanide plating bath solutions from

FOO7 :
electroplating

FOO9 Spent stripping and cleaning bath solutions from
electroplating operations where cyanides are used
RCRA waste for the characteristic of toxicity for

D006 ;
cadmium

The LDR constituents associated with the above EPA hazardous waste codes were
analyzed during the waste characterization program. The laboratory analytical

program for pond waters and sludges is summarized in Table 1-2.

The organics that were analyzed consist of those compounds for which numerical
standards have been developed as part of the Land Disposal Restrictions (LDRs)
for hazardous waste numbers FQ00l, F002, FO003, and F005. These compounds are
shown in Table 1-3. The analytes include volatiles, semivolatiles, and several
alcohols.

Metals analysis was conducted for both waste forms and includes those metals
regulated by 40 CFR 261.24 (toxicity characteristic), plus nickel and boron.
Total metal content and TCLP analysis were performed for each parameter. The
toxicity characteristic metals were analyzed for regulatory purposes; nickel was
analyzed because it is a constituent of F006 and FQ09-type wastes (electroplating
wastes). Boron was analyzed because it can interfere with cement chemistry.
Cyanide was analyzed because it is a constituent of F006 and F009-type wastes.

Both agueous and solid wastes were analyzed for ammonia and total organic carbon.

Both of these parameters can affect cement chemistry.
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TABLE 1-2

ROCKY FLATS

WASTE CHARACTERIZATION ANALYTICAL METHOD LIST

POND 207C AND CLARIFIER

Selected Semivolatiles(?
Selected Alcohols®®?

SW 3550/8270
ASTM D 3695-82

Method
Analysis Sludge Liquid/Extracts
Chemical Characterization
Selected voas(!) SW 8240 SW 8240

SW 3510/8270
ASTM D 3695-82

L]

L]

®

e Arsenic SW 3050/6010 SW 3010/6010
e Barium SW 3050/6010 SW 3010/6010
e Boron SW 3050/6010 SW 3010/6010
e Cadmium SW 3050/6010 SW 3010/6010
e Chromium, total SW 3050/6010 SW 3010/6010
e Lead SW 3050/6010 SW 3010/6010
e Mercury SW 7471 SW 7470

e Nickel SW 3050/6010 SW 3010/6010
e Selenium SW 3050/6010 SW 3010/6010
e Silver SW 3050/6010 SW 3010/6010
e Calciuvm |  w=—— SW 3010/6010
e Magnesium SW 3050/6010 SW 3010/6010
e Sodium SwW 3050/6010 SW 3010/6010
e Potassium SW 3050/6010 SW 3010/6010
e Ammonia EPA 350.2 EPA 350.3
e Total dissolved solids | = ==w=-- EPA 160.1
e Total suspended solids | = = ===—= EPA 160.2
e pH SW 9045 EPA 150.1
e Alkalinity, pht | = o=ve- SM 403

e Alkalinity, Mo | = ===-- SM 403

e Cyanide(total & amenable) ASTM D2036 ASTM D2036
e Total Organic Carbon Walkley-Black EPA 415.1
e TCLP Leach SW 1311 Sw 1311

e Arsenic |  ====- SW 3010/6010
¢ Barium 3 m———— SW 3010/6010
¢ Cadmium | e=——- SW 3010/6010
e Chromium (total) | = -===== SW 3010/6010
e Lead 1 m———- SW 3010/6010
e Mercury | =eme—— SW 7470

e Nickex } m=——- SW 3010/6010
¢ Selenium | =m——- SW 3010/6010
e silver 1 me=——- SW 3010/6010
epH | eem——- EPA 150.1
e ASTM Leach ASTM D3987-85 | = ——-—=

¢ Phosphate (ortho) | = ====- EPA 365.2
e Sulfate = { === EPA 375.4
e Nitrate | === EPA 353.2
e Chloride | emm——= EPA 325.3
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TABLE 1-2
ROCKY FLATS

WASTE CHARACTERIZATION ANALYTICAL METHOD LIST

PAGE TWO

METHOD
ANALYSIS SLUDGE LIQUID/EXTRACTS
Geotechnical Parameters
e Moisture (Karl-Fisher) ASTM E203 ASTM E203
e Moisture (Gravimetric) ASTM D2216 | W —==m—=
e Bulk Density Agronomy No. | ~  =———-
9 -Ch. 30 | =m=—-
‘e Specific Gravity ASTM D854 | = ===—-
e Atterberg Limits ASTM D4318 | = ====-
e Swell Test Free Swell Test | =  —=—===
(Holtz & Gibbs, | =  —-—==-
1956) | @000 ====-
Gross alpha SW 3050/ EPA 900.0
EPA 900.0
Gross beta SW 3050/ EPA 900.0
EPA 900.0
SW SW846 Test Methods for Evaluation of Solid Waste, Physical/Chemical

methods, 3rd Edition.

EPA Methods for Chemical Analysis of Water and Wastes, EPA 600/4-79-020.

ASTM American Society of Testing Materials.
(1) Selected Volatiles (2)
Acetone

Carbon disulfide

Carbon tetrachloride

Chlorobenzene

Ethyl acetone

Ethylbenzene

Ethyl ether (3)
Methylene chloride

Methyl ethyl ketone

Methyl isobutyl ketone
Tetrachloroethene

Toluene

1,1,1-Trichlorocethane
1,1,2-Trichloro-1,2,2~trifluorcethane
Trichloroethene
Trichlorofluoromethane

Xylene

1,1,2-Trichloroethane

Benzene
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Selected Semivolatiles

Cyclohexanone
1,2-Dichlorobenzene
Pyridene
2-Nitropropane

Selected Alcohols
n~Butyl alcohol
Isobutanol
Methanol
2~-Ethoxyethanol




TABLE 1-3

LIST OF REGULATED SOLVENTS FOR
FOO1, F002, F003, AND FOO5 WASTES

Hazardous Waste Number Solvent
FOO01 Tetrachloroethylene
Trichlorocethylene

Methylene Chloride
1,1,1-Trichloroethane
Carbon Tetrachloride

FO02 Chlorobenzene
1,1,2-Trichloro-1,2,2-Trifluorocethane
Orthodichlorobenzene
Trichleorofluoromethane
1,1,2-Trichlorethane

Methylene Chloride

FO03 Xylene

Acetone

Ethyl Acetate
Ethylbenzene

Ethyl Ether

Methyl Isobutyl Ketone
n-butyl Alcohol
Cyclohexanone

Methanol

F00S5 Toluene

Methyl Ethyl Ketone
Carbon Disulfide
Isobutanol

Pyridine

Benzene
2-Ethoxyethanol
2-Nitropropane
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The aqueous wastes were analyzed for alkalinity, total suspended solids, total
dissolved solids, potassium, calcium, magnesium, and sodium. These parameters
provided input to developing the waste/cement formulation. With the exception
of total and dissolved solids, the sludge samples were also analyzed for the same
parameters.

An ASTM leach test was conducted on the sludge. The leachate was analyzed for
phosphate, sulfate, nitrate, chloride, and total dissolved solids. This analysis
determined the amount, if any, of these compounds that redissolves.
Additionally, these compounds can affect the cement chemistry.

Gross alpha and gross beta were analyzed on each waste form to characterize the
activity level of the waste.

Several geotechnical parameters were analyzed to characterize the physical
condition of the solid waste. Percent moisture, bulk density, and specific
gravity are common physical parameters for characterization of the waste source.
The Atterberg limits provided an indication of the plasticity of the material,
providing information pertaining to the engineering behavior of the material.
The swell test determines if dry material expands when exposed to water.

1.3.2 Waste Matrix Description

1.3.2.1 Pond 207C

The information in this section is condensed from the Pond Sludge and Clarifier
Sludge Waste Characterization Report (Deliverable 224A and 224E, HALLIBURTON NUS,
March 1992). Quadrant samples of water and sludge were collected in August 1991.
Data summary tables can be found in the referenced report.

Water and sludge in Pond 207C contain high concentrations (approximately
10 percent) of nitrates and other salts that can in some circumstances adversely
affect cement chemistry. Other constituents detected at high concentrations
include potassium, sodium, and sulfate.

The pH of the pond contents ranged from approximately 10.0 to 10.5. The specific
conductance of the water exceeded the capability of the monitoring instrument,
greater than 50,000 umho/cm. The pond temperature at the time of sampling was
25°C (77°F). The pond water has a high salt content consistent with the high
Total Dissolved Solids (TDS) levels which averaged 460,000 mg/l. The average
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specific gravity of the water was 1.332, suggesting a high dissolved salt
content. The organic content, measured as Total Organic Carbon, averaged 1400
mg/l for the water and 7700 mg/kg for the sludge. The sludge and crystal samples
contained an average solids content of 56%, based on the moisture analyses.

Two target volatile organics were detected in the 207C pond water. 2-Butanone
(Methyl ethyl ketone) was detected in four of the five water samples. Methylene
chloride was detected in only one of the water samples. Neither exceeded LDR

standards. No target semi-volatile organics or alcohols were detected in any of
the samples.

Total metals analysis of the water indicated that chromium, lead, and nickel are
present at concentrations that exceed the their LDR (CCW) standards. Cyanide
concentrations ranged from 3.3 to 20 mg/l, exceeding the LDR wastewater standard
(CCW). Although the wastewater standard for cyanide is exceeded for the water
phase, the total pond contents, once slurried, will be considered a non-
wastewater because the total suspended solids will be greater than 1 percent.
The non-wastewater standard is considerably higher than the wastewater standard
for FO06, FO07, and FO09 wastes (590 mg/kg vs. 1.2 mg/l) and will not be exceeded
by the cyanide concentration of the contents of Pond 207C.

TCLP analysis of the water indicated that the leachate had arsenic and chromium
present at levels that make the water a RCRA characteristic waste. The TCLP
method for a liquid with less than 0.5 percent solids specifies analysis of the
liquid following filtration, in essence making the TCLP leachate representative
of the dissolved metals fraction.

The sludge samples analyzed during the characterization effort represent a
mixture of the crystalline material and the fine-grained material that underlies
the crystals, although not in any measured proportion. No target volatile
compounds, semi~-volatile compounds, or alcohols were detected at concentrations
above specified regulatory limits. Arsenic, cadmium, chromium, nickel, and
silver were detected in all five TCLP leachates. Barium was detected in three,
lead in two, and mercury in one TCLP leachate. The TCLP leachate concentrations
of cadmium and nickel exceeded their respective LDR standards, and cadmium
leached at a concentration sufficient to classify the sludge as a RCRA waste
based on the characteristic of toxicity.

The concentration of total cyanide in the sludge ranged from 13 to 170 mg/kg,
which is still below the non-wastewater LDR standard of 590 mg/kg.
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A summary of the parameters which are above the RCRA regulations is provided in
Table 1-4. Based on the analytical results from the HALLIBURTON NUS
Characterization Report, Pond 207C waste should also be RCRA hazardous waste
based on the characteristic of toxicity (40 CFR 261.24) for arsenic and chromium,
which correlates to D004 and DQO0O7, respectively.

1.3.2.2 Clarifier

The pH of the clarifier water was approximately 9.75 S.U. and the specific
conductance of the liquid ranged from 30,000 to 40,000 umho/cm. The temperature
at the time of sampling was 27.9°C (82.2°F).

No target‘volatile organics, semi-volatile organics, or alcohols were detected
in the clarifier water. The clarifier water contained considerable amounts of
inorganic contaminants. Arsenic, barium, boron, cadmium, chromium, mercury,
nickel, and silver were detected in all four samples. Lead was detected in two
of four samples. Chromium and lead were present at concentrations exceeding
their respective LDR standards (CCW). In the TCLP leachate, only arsenic was
detected in all four samples. Nickel was detected in three of the four
leachates, at concentrations approximating those detected in the raw water
analysis. Chromium was detected in two of the leachates.

Total cyanide was detected in the water at concentrations ranging from 2.4 to
3 mg/l. All the calculated amenable cyanide values were negative. Negative

amenable cyanide results are typical if the cyanides are complexed with metals.

Cyanide concentrations were above the LDR wastewater regulatory limit of 1.2
mg/l. As was explained for Pond 207C, once the clarifier contents are slurried,
the non-wastewater standard is applicable. The combined cyanide concentration
of the sludge and water is below the non-wastewater standard of 590 mg/kg.

The sludge had a relatively high filterable solids content, averaging 39.4
percent solids. However, it should be noted that this includes an apparent high
value of 66.9 percent solids for sample CS-001D. When this value is excluded,

the average solids concentration drops to 30.2 percent. The average TOC of the
sludge was 5250 mg/kg.

Peliverable (Combined) 235A and 235B
POND 207C AND CLARIFIER
TREATABILITY STUDY REPORT 1-14



*UOL}oRJIXD INOY] LM pazAleue UdYl pue ‘SPL1OS 3Yl dAOWRL 03 JI3I1LY
Jaql) sseib wn g g-9°0 e yBnodyl padsllLs aq pinoys pinbiy 9yl ‘spLios %G 0 UBYY SS3] YiiM spinbL) 40} 3Byl saljloads poyiaw di3l 3yl (2)
“papasoxa Si PJEPURIS J1 9yl 1 AIL1DIXO03 4O J13S1J49I0BJBYD BYl UO PIseq 3ISeM SnopJezey viJY B S! 231SeM (1)
+24npagsodd Bulyoea o13s1493984RY) A3LDIX0L - 4131
91qeoi1ddy 10N - YN

594
%29
£95
oyle
VN 0oy 3IMIT 02¢ VN VN 19%3LN
7Yy
449
Gy
0£2s
VN S%6 330 99 VN VN wniwpe) abpnis 2702
0642
0%s¢
09%¢
0262
0192 VN M3D 0%Y VN VN 19%91IN
00¢
00¢g N MJD 0% VN VN pea
0%6¢
gege
04¢¢
00%¢
08s¢ VN M2 02¢% YN VN wniwoJ4yo
0oLy
0012
000%
00002
00gs VN MJ3J 0021 VN VH 1e10] -3pLuUeA)
VN VN VN oLss 000s oLUIsJIy J23BM 202
a1sen (1/6n) (1/6n) (1/6n) (1/6n) juan3L3suo) X113eN
ui 3oea3x3 6004 pue 2004 ‘9004 @ U0 13BJIUIIU0) pJepuels
UO1)E.IIUDIUO] d131 pJepuels 341 womguxm d121 uMww_gvauagmsu
A11o1x0})

0oavi0102 ‘INV1d S1V1d AN00Y
173rodd 313¥IANOJ/ANOd ¥VI0S
SNOILDI¥1SI¥ TVSOJSIA GNV] OGNV ALIJIXOL 40 NOILVZINILIVIVHD
3HL 304 SCEVONVIS VDN ONIGIIONI STT1dWYS 2/0¢

¥-1 Aavl

1-15

Deliverable (Combined) 235A and 235B

POND 207C AND CLARIFIER
' TREATABILITY STUDY REPORT

|



Four target volatile organics were detected in the sludge; 1,1,l-trichloroethane,
1,1,2-trichloro~1,2,2~trifluoroethane, 2-butanone, and tetrachloroethene (PCE).

None of these contaminants are at a concentration which is of a regulatory
concern.

All of the target inorganics were detected in all four of the samples, with the
exception of arsenic, which was detected in only two of the samples, and
selenium, which was not detected. The highest values in any of the sludges were
found in samples from the clarifier for the following constituents: cadmium (4660
ng/kg), chromium (3190 mg/kg), lead (191 mg/kg), mercury (14 mg/kg), nickel (902
mg/kg), and silver (166 mg/kg).

Four metals, arsenic, cadmium, chromium, and nickel, were detected in the TCLP
leachate in all four samples. Cadmium and nickel exceeded their respective LDR
standards, while cadmium also exceeded the TCLP standard for classifying the
sludge as a hazardous waste based on the characteristic of toxicity. Silver,

barium, lead, and mercury were also detected in some of the TCLP leachate
samples.

Total cyanide was detected in all four samples at concentrations ranging from

21 to 190 mg/kg. These concentrations are still below the LDR standard of
590 mg/kg.

The parameters which were detected at concentrations above the LDR and toxicity
criteria requirements are summarized in Table 1-5.

1.3.3 waste Composite Data

Bulk composite samples of water and sludge were collected from Pond 207C and the
clarifier in December 1991 to provide sufficient volume for the treatability
study. An aliquot of each bulk sample was submitted to the laboratory for
analysis to serve as a baseline analysis of the waste used for treatability study
testing, and as a check of the individual quadrant analyses reported as part of
the waste characterization effort. The water analytical data for Pond 207C and

the clarifier are reported in Table 1-6, while the sludge data are reported in
Table 1-7.

The composite 207C water sample was less concentrated than the average gradient
samples collected during waste characterization, as evidenced by lower

concentrations for individual inorganics (sodium and potassium), TDS, and
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TABLE 1-6

POND 207C AND CLARIFIER WATER COMPOSITE CHARACTERIZATION DATA
SOLAR POND/PONDCRETE PROJECT
ROCKY FLATS PLANT, COLORADO

207C Mater Ctaritier Water
Composite Composite
Analysis Units PU-207C-C CW-004-C
voLatites‘®
Acetone ug/ L 53J 164
2-Butanone ug/\ 314 ND
seMIvoLATILESS!? ug/1 ND ND
aLconors®?) ' mg/ 1 ND ND
INORGANICS
Arsenic ug/1l 3680 940
Barium ug/ Ll 100 30.0
Boron ug/!L 377,000 27,400
Cadmium ug/t 520 80
Calcium ug/L 11,000 18,700
Chromium ug/! 2430 220
Lead ug/L ND ND
Magnesium ug/( 3130 3740
Mercury ug/L ND 1.0
Nickel ug/L 2210 ND
Potassium ug/l 32,700,000 . 4,690,000
Selenium ug/1 ND ND
Silver ug/l 360 60.0
Sodium ug/! 95,500,000 18,600,000
TCLP LEACH
Arsenic ug/L 463 521
Barium ug/ L 17.0 204
Cadmium ug/t 38.0 19.0
Chromium ug/1L 139 99.0
Lead ug/t 22.0 ND
Mercury ug/l 0.2 0.7
Nickel ug/1 233 242
Selenium ug/l ND ND
Silver ug/l 21.0 42.0
PH Units 10.2 10.1
MISCELLANEOUS
Alkalinity (Methyl Orange) mg/ L 36,000 6200
Alkalinity (Phenolphthalein) mg/ 1 16,000 2300
Ammonia mg/ L 0.9 12
Chioride mg/1 20,000 1600
Cyanide-Amenable mg/L -34 -31
Cyanide-Total mg/ 3.3 3.0
Gross Alpha pCist 110+/-20 17+/-2
Gross Beta pCi/l 120+/-20 23+/-3
Nitrate mg/ L 39,000 5000
pH Units 10.0 10.0
Phosphorus, Total (as P) mg/ 1 88 24
Specific Gravity -- 1.244 1.034
Sulfate (as s0,) mg/ ! 13,000 3400
TDS (Total Dissolved Solids) mg/t 360,000 49,000
TOC (Total Organic Carbon) mg/ 2400 390
TSS (Total Suspended Solids) mg/ L 790 270
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TABLE 1-6

POND 207C AND CLARIFIER WATER COMPOSITE CHARACTERIZATION DATA
SOLAR POND/PONDCRETE PROJECT

ROCKY FLATS PLANT, COLORADO

PAGE TWO
d Estimated Value
ND Not Detected

pCi/l Picocuries per Liter

(D] onty compounds with positive detections are listed. The complete list of compounds
analyzed is shown in Table 1-2.
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TABLE 1-7

POND 207C AND CLARIFIER SLUDGE COMPOSITE CHARACTERIZATION DATA
SOLAR POND/PONDCRETE PROJECT

ROCKY FLATS PLANT, COLORADO

Analysis Units 207C Crystal 207C silt Clarifier Sludge
Composite Composite Composite
PS-207c-C-C pPS-207C-C-S C€S-004-C
voLatitest?)
1,1,2-Trichioro-1,2,2-trifluoroethane ug/kg ND ND 79
2-Butanone ug/kg ND 54 84
Xylenes (Total) ug/kg ND 21 174
Acetone ug/kg 60 140 2604
1,1,1-Trichloroethane ug/kg ND ND 144
Toluene ug/kg ND 10 ND
Chlorobenzene ug/kg ND 8 ND
Tetrachloroethene (PCE) ug/kg ND ND 420
1
seMivoLaTILest!) ug/kg ND ND ND
aLcorors¢ ! ma/kg ND ND ND
MISCELLANEOUS
Ammonia mg/kg ND ND 71
Atterberg - Liquid Limit -- NA NA NA
Atterberg - Plastic Index -- NA NA NA
Atterberg - Plastic Limit -- NA NA NA
Bulk Density (Dried Solids) g/cc NA NA NA
Cyanide-Amenable mg/kg NA NA NA
Cyanide-Total mg/kg 4.7 21 21
Gross Alpha pCi/g 39+/-6 3.3+/-0.4 3100+/-400
Gross Beta pCi/g 59+/-6 530+/-60 390+/40
Moisture-Gravimetric % 58.2 40.8 71.9
Water-Karl Fisher % NA NA NA
pH Units 1.0 10.4 9.8
Specific Gravity -- 1.43 1.46 1.25
Swell Test % INT o 30
TOoC (Tot?&)Organic Carbon) mg/kg 980 4900 3600
Chloridiz) mg/1 420 660 110
Nitrate mg/ 1 1200 2400 510
% Recovery of Solids‘®) % NA NA NA
Phosphow§, Total (as P)( ) mg/ L 14 31 39
Sul fate mg/l 480 1000 280
DS (Total Dissoived Solids)‘%) mg/ 19,000 25,000 4400
INORGANICS
Arsenic mg/kg 40.2J 15.74 ND
Barium mg/kg 0.724 18.74 1594
Boron mg/kg 577 615 990
Cadmium ma/kg ND 27.04 28604
Chromium mg/kg 2.94 482J 23504
Lead mg/kg ND 12.24 142
Aluminum mg/kg ND 15204 30500
Calcium mg/kg ND 128004 39600
Iron mg/kg 13.2 10404 5380
Magnesium mg/kg 9.64 22504 177004
Mercury ma/kg 0.1 4.4 9.0
Nickel mg/kg ND 33.84 7004
Potassium mg/kg 35,800 521004 623004
Selenium mg/kg ND ND ND
Silver mg/kg ND 4414 1384
Sodium mg/kg 388,000 194 ,0600. 854004
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TABLE 1-7
POND 207C AND CLARIFIER SLUDGE COMPOSITE CHARACTERIZATION DATA
SOLAR POND/PONDCRETE PROJECT
ROCKY FLATS PLANT, COLORADO
PAGE TWO
Analysis Units 207C Crystal 207c Ssilt Clarifier Sludge
Composite Composite Composite
PS-207C-C-C pPS-207C-C-S CS-004-C
TCLP LEACH
Arsenic ug/! 593 447 233
Barium ug/t 490 536 357
Cadmium ug/1 26.0 670 64,600
Chromium ug/\ 90.0 7280 2360
Lead ug/1L 25.0 ND 21.0
Mercury ug/1 0.2 5.4 57
Nickel ug/t 129 762 13300
Selenium ug/L ND ND ND
Silver ug/l ND 67.0 ND
PH uUnits 5.3 4.4 4.1
ND Not Detected
NA Not Analyzed
pCi/g Picocuries per Gram

NP Not possible to analyze due to nature of solids.

(@D Only compounds with positive detections are listed.
analyzed is shown in Table 1-2.
2) Following ASTM Leach.

Deliverable (Combined) 235A and 235B

POND 207C AND CLARIFIER
TREATABILITY STUDY REPORT

The complete List of compounds




specific gravity. The TCLP metals concentrations were also an order of magnitude
lower, which is indicative of the dissolved metals concentration for low
turbidity water.

Bulk composite samples of Pond 207C silt and crystal were analyzed separately.
The silt composite sample more closely resembles the characterization data for
207C sludge reported in Deliverable 224A/224E. No significant differences in
individual analyte concentrations were noted.

The composite clarifier water sample data reasonably matched the characterization
data previously reported. The composite clarifier sludge sample exhibited
several differences from the characterization data reported in Deliverable
224A/224E. The TCLP concentrations of chromium (2360 ug/l vs. 362 ug/l) and
mercury (57mg/l vs. 1.5 ug/l) were higher in the composite than the average of
characterization data reported earlier. All other composite clarifier sludge
data was similar to characterization data.

1.4 REMEDIAL TECHNOLOGY DESCRIPTION

1.4.1 Literature Review of Similar Stabilization Proijects

The evaluation of the characterization results for Pond 207C indicate a matrix
consisting of high salt, low radiocactivity material in an alkaline environment.
Upon review of historical literature, a few stabilization projects of similar
nature have been documented in the past. The majority of these stabilization

projects were accomplished using a blend of cement and fly ash.

Review of three articles addressing the solidification and stabilization of low-
level radioactive, high salt waste (McVay, May 1983; Hodges, March 1989; Sams,
undated) indicates that all utilize a similar grout mixture. The grout mixtures
used all consisted of cement plus the addition of a pozzolanic material. The
most common pozzolans used were fly ash or fly ash plus blast furnace slag in the
cagse of the Melton Valley project. All of the projects produced a stable
solidified waste form with these grout mixtures.

The most closely related project is the solidification of a low-level alkaline
salt solution that was accomplished at the Savannah River Plant (SRP) (Wilhite,
undated). This solution was solidified and placed in surface vaults. The
solidification of this material was completed with Type H cement and Type C fly
ash at a 0.25 ratio. 1Initially the waste contained mostly nitrate salts and 160
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ppm of chromium. Extraction Procedure-Toxicity Testing was performed on the
solidified product and the leachate was found to be at acceptable levels for
chromium and other metals.

1.4.2 Process Overview

The proposed remediation process for Pond 207C and the clarifier is chemical
stabilization/solidification with a pozzolanic mixture. The pozzolanic mixture
consists of Type V cement, Type C flyash, and hydrated lime.

The full scale remediation will consist of pumping a homogenized slurry from Pond
207C to a scalping screen which will remove large material or debris. The
oversized material is discharged from the scalping screen to a holding bin for
processing at the 904 pad at a later date. From the scalping screen, the 207C
slurry will be pumped to a series of averaging tanks and a contact chlorination
tank where calcium hypochlorite will be added for disinfection. The slurry then
is transferred to a series of batch tanks prior to mixing with the pozzoclans.
The mixing with cement, flyash, and lime will occur in a Halliburton Services
Recirculating Cement Mixer (RCM). The cement, flyash, and 1lime will be
preblended at the prescribed ratio. The blended pozzolans will be stored in a
bulk storage silo. The final stabilized product will be cast into half crates
for final storage.

Remediation of the clarifier contents will include first reclaiming the clarifier
sludge and water then mixing the material in a holding tank. Next, the slurry
will be pumped to the 207C process train to be blended with the 207C slurry. The
207C process train will be operated as above.

1.4.3 Treatability Study Overview

The CSS formulation development was conducted on a bench-scale level. The
process primarily consisted of blending homogenized waste stream samples with
varying quantities of pozzolans and then conducting the necessary analysis to

determine if the specified formula passed the required criteria.

Testing was conducted using 207C water‘with varying concentrations of the silty
sludge, and 207C water and silty sludge mixed with clarifier sludge. All of the
above combinations used 207C water that was saturated with dissolved salts. The
solutions were known to have been saturated because of the observations of
precipitated salts.
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The formulation development was conducted using factorial experiments. Factorial
experiments allow independent evaluation of the effect on one variable from the
interaction of other variables. Factorial experiments are designed to evaluate
each potential combination for all parameters or variables. In factorial
experiments all of the parameters can be varied simultaneously which allows
agsessment of the interaction of the variables. Measured responses of the
factorial experiment can be evaluated as a function of the variable to determine
optimum responses and key variable interactions.

In the early stages of formula development the factorial experiment was designed
to evaluate the cement to flyash ratio. 1In the later stages of the process
development, after a cement to flyash ratio was determined, the pozzolan to water
ratio was varied along with the solids loadings. The pozzolan to water ratio was
varied from 0.34 to 0.56 which is expected to be an adequate operation range for
remediation.

Various tests were required to determine if a specific formula was successful.
The solidified material was required to pass all RCRA Land Disposal Restriction
requirements (40 CFR 268) and requirements for wastes that are characteristic
hazardous wastes for toxicity (40 CFR 261). The solidified product was analyzed
for TC metals (40 CFR 261) and nickel (F006, F007, and FO09 Standard) and zero
head space TCLP for volatile organics. The solidified material alsoc had to pass
several criteria for transportation of the solidified waste and NTS acceptance
such as the Standard Test Method for Determining whether a Material is a Liquid
or a Solid and the Paint Filter Ligquids Test (ASTM D4359-84 and SW 9095,
respectively). Passing these tests is required for acceptance at Nevada Test
Site.

Durability testing was also conducted to determine the ability of wvarious
formulas to withstand changing environmental conditions. These tests included
the Standard Test Methods for Wetting and Drying Compacted Soil-Cement Mixtures
(wet/dry) and the Standard Test Method for Freezing and Thawing Compacted Soil-
Cement (freeze/thaw). These tests followed ASTM Methods D559-82 and D560,
respectively . Although successfully passing these tests does not correlate to
a time frame for the stability of the final product, the data are useful for
comparing the quality of various CSS formulas. Unconfined compressive strength
(UCS) tests (ASTM C39-86) were used as a screening mechanism between various

formulas and to measure strength vs time for each formula.
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The latter three tests; wet/dry, freeze/thaw, and UCS, are not required for
product certification. These tests were used as indicators to determine if a
specified formula was of better quality than another formula with regard to
strength and durability.
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2.0 TREATABILITY STUDY APPROACH

This section describes the requirements and procedures for conducting the
treatability study used to develop the chemical stabilization and solidification
(CsS) formulations for Pond 207C and the clarifier.

The purpose of this treatability study was to develop CSS formulations to
stabilize and solidify the subject wastes. Candidate formulations were selected
to produce a final waste form that achieves all requirements currently in effect.
These include requirements of U.S. Environmental Protection Agency (EPA) Region
VIII, the Colorado Department of Health, U.S. Department of Transportation (DOT),
and the Nevada Test Site (NTS), which is the facility that EG&G has indicated
will ultimately receive the treated wastes.

The final waste form must be certifiable and acceptable for transportation and
land disposal. The following criteria must be met in order for the waste form
to be certifiable: ‘

L Chemically and physically stable as defined by NVO-325, October
1988.
. A solid (no free liquids) as defined by NVO-325, October 1988,

Section 2.2.2-D; DOT regulations in 49 CFR 173; EPA Test Method 9095
(EPA-246); and ASTM Method D43595-84.

. Does not contain pathogens, infectious wastes, or other etiologic
agents as defined in 49 CFR 173.386.

] The solidified waste must be treated to comply with all Land
Disposal Restrictions as stated in 40 CFR 268.

] Transportable in interstate commerce as defined by DOT regulations
in 49 CFR 173 and EPA regulations in 40 CFR 263.

. Within radiocactive limits as defined by NVO-325, October 1988,
Section 2.1.1-D and DOT Regulations in 49 CFR 173, Subpart I
(173.400).
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. Certifiable as a waste as defined by (1) the Rocky Flats Quality
Assurance Manual, Low Level Waste Management Plan, 1-10000 EWQM,
Section 1.1, RFP Procedures and (2) NVO-325, October 1988.

2.1 GOALS AND OBJECTIVES

The goal of the treatability study was to develop a CSS formula that is
successful in producing a final waste product that can be certified for disposal
as per the requirements stated above in Section 2.0. During the treatability
study, it was necessary to determine the optimum ratios for waste to binder(s)
and admixture(s) to achieve acceptable physical characteristics and chemical
leachability criteria. Upon achieving successful CSS formulas for physical
characteristic and chemical leachability criteria, then long-term durability

characteristics of the final treated waste form were evaluated.

The general concept used for developing process formulations for the waste form
followed a progression from screening binder/waste formulations through a more
comprehensive evaluation of variables and additives. The candidate formulations
that passed all of the previous evaluation criteria were then subjected to
regulatory compliance testing. The chronology of CSS formulation development is
summarized in Table 2-1 and the logic is provided in Figure 2-1.

The Phase I/II screening tests used an accelerated curing procedure where various
ratios of waste, binder, additives, and water were prepared and cured at elevated
temperatures for 48 hours. Formulations that did not develop sufficient strength

or contained free water after curing were eliminated from further consideration.

The accelerated curing procedure provided an indication of the potential strength
of the solidified waste. It was used as an indicator of the probability that the
desired compressive strength could be obtained by use of a particular CSS
formulation under normal long-term curing. This procedure saved time by not
curing the test specimens for the conventional 28-day period, which allowed more
testing to be conducted in a short time period.

The accelerated curing followed a modified version of ASTM Method C684-81
(Procedure A - Warm Water Method). The ASTM method was modified to allow for a
48-hour cure rather than the 24-hour cure specified in the method.

Phase III/IV testing was performed on specimens that were cured using the
conventional 28-day procedure to determine compliance with regulatory and

Deliverable (Combined) 235A and 2358
POND 207C AND CLARIFIER
TREATABILITY STUDY REPORT 2=-2



*SUOL3 LPUOD UMop-yseM puod aleInwLs
03 pa3Isa) 0s)8 J433eM D202 SPL)OS

-MO7 *po31S3) SEM 31SeM Ja1414e13/2202
pautquos yatym ui aseyd Ajuo 3y) sem

3521 splyos/pinbi

aseyd siyl "sBulpeo)] SPL10S JUAJ34Lp 1531 Spinbi 433114 3uled abpnis pue
*Buiysal Ajiilgedsnp Bulanp pajley 1591 03 pue oljed uejozzod/Jaiem AJQ/319M 43184 2.02
(S1 %6 ‘SS1 %1 ‘olyed uejozzod 03 Jaiem G () SUOLIIPUOD Jo04 9buey do13Aap 03 sem Bullsay MBYL /273344
9SBI-1SJOM 18 $3Ydleq 1BJIAS "BLI31LJD A1ID1X0) V¥IH jo siseydw3 *Buiysay aseyd Asoje)nbad (216uiS paIvR1as) JatjLieyd LO [ JBWS L JUOY
pue yg] passed Bullsal 11y -Bullsay sprjos/pinbly pue spinbty 104 Pa30913s SWIISAS Q02 X21e1/yseAly $3)113810A ‘S10I9K-d12L (sAeq §2) abpnis pue Asoi1enbay
J937t4 uted 18 passed "S3INsad I 3)1geidasoe paAldlyoy /IUaWad/auL ) pue yseA)}/iusuad/awl’) $an 1euION 2661 1tudy Jalem 3402 AL/111
I 1521 spi1os/pinbil
*so138d ug)ozzod/J931EM 1591 spinbi7 493114 uied
404 pue YseA)}/Iusuad Joj Ata/1am
abued Butissado dojaAap 03 seM Bul3say Mey ) /923344
*0l 91947 Ul 31531 AUp/3aM 9yl pa)iey SEINWIOS XIBT Ay} JO BUO 41 siseydw3 *B6ui3say aseyd Asoleinbads (916uls P93aRI9s) uotiewd | Juel
1dooxe ‘Bul3sa) MEYl/aZ03J) puB AJp/IOM passed ~SIudRJIINDIL J0) paIoR}Is SWIISAS Q002 XIIRT/YyseAls $37131010A "S1813H-d131 (sAeg g2) abpnys pue AJoienbay
AJojeinBas y)e passed ~S1INsSaJ §IN 91qe3dadde paAdlyov /3UswRd /3wt puB YseA]y/Iuawad/auwt $IN J8uON 2661 "q34 Jajem 3402 AL/11T
*3guswJo}lad
*BU13Sa) A3171q84np aAcuduil 03 (21BJ1)1S UN{POS
A3L11geanp Aup/azaady Jo AJp/iomM ay3 passed suolleinwJoy pue ‘sgaqly d1yseid ‘ppoz xs3el) (pa31813)300Y) AJ0/I9N
8yl O SUON "SPJEPUB]S JUBWIBIJI AILIIX0) VWYY PuB ¥G1T SaALILpPR 93443 snid waIsAs yseA)} (P318J42)230Y) MBYL/3Z93L4 ("JH 8%) [-SJQVEENES
MO13q 9J3M SielaW d131  °$IN 21qe1dasoe passiyde sSuollBjnUwio4 Jiuswad/aul) jo Builisal jelloyded S1BI3N-d 11 [<EICNEIELLYY 2661 “uer Jatsraeyd 11/1
~BulL3say Jaysny
40§ pautejad seM P02 X23BT + YseA}j/juswsd/swl) pue yseAyy
JIuawad/awt  "1140uaq ou pamoys A9yl asnedaq paleulllld dJsm
sJaql) o13se)d pue 3183111S UNIPOS BY3 “JIAIMON “SdAL3ILIppR *yoe3le
99JY3 Y3 YIIM SBULW Iyl puUE BINWJOJ YseA}/Iuswad/awl) ay3 23841NS 0] 33UBIS{SAI JOJ IUDID
Joj passed SeM Meyl/azadl) pue AIp/isM paleualadde Joj Bullsal 11 pue | adA} woJj Juawdd A adAL
“spJepuels juawleaJty A1121X01 VY¥3¥ Pue ¥Q1 Mo)dq asaM s|elau 03 payoitns asuewdoysad A3Lyigednp (P318J3Ua5U0J) AJG/IIN
4121 404 BUL1Sa) 11V "UOLIBJBPISUOD JBYISNJ WO} PIIBUIWLYD anoudull 03 (GZ-¥H pue y-3¥H ‘I18ILYLS (Pa3BJIURIU0Y)
2J9M puB 125 JUBWAD DAPJIRISJ GZ-¥H PUR Y-¥H  °SIINSAJ SIN wnipos ‘sisaqly a13iseld ‘pgoe x93el) Mey)/o73ad4
a1qeadesce pey ssaqty o13sed pue 23ed1)1S untpos ‘g0z xa31el) SaA111pPeE 3A1} snid walsAs yseAly S1839W-d 1L ("IH 8%) abpn)s pue BULUI3IIS
SIALILPPE BYl 4O € + YSEA)§/IUBWRI/3WL] YIIM Suolle|nuwdod Jiuswad/awt | jo Bu1lsay 1elJoloey SaN paiBJa |30y 2661 "uer J918M 3402 11/1
"931s8M AJ@/iam
*BU1383) A3l]lqeInp MBY1/9Z33J4 JO AIp/l1aM 31es-yB1y 40 UO1IBZ111qeIS JOJ SWIISAS Mey)/ezaady
ssed jou pig “spJepuels A3101x0) YYDy pue spJepuels ¥gi Joj 0002 X2181/YseA]}/Iuawed pue yseAty S1819W-d 101 (sAeg %2) abpnys pue Bui3sal
81493149 (BI9W-47DL PISSEd *$1INS3J SN 21Ge1daIoR PAaAdLYdY /IUARD JO UOILIBNIBAD Adeutwl)add san 1eWION 1661 "AON J1918M 3702 Adeuui1add
s3nsay 3A13291q0 Butysa) Burun) patedaid 181J33eN aseyd
SaxXtN dleq alsen

)

0av¥0103 ‘INVId S1VH A0od

ANVIBINS AGNLS ALITISVIVIEL SSI ¥3141¥V12/0202 ONOd

1-2 318vL

2-3

Deliverable (Combined) 235A and 2358

POND 207C AND CLARIFIER
TREATABILITY STUDY REPORT



digposal site requirements, and to estimate long-term durability. Only the most

promising CSS formulas from Phase I/II screening were carried into Phase III/IV.
2.2 TREATABILITY STUDY TESTING SUMMARY

Results of the preliminary testing and Phase I/II testing were previously

. presented in technical memoranda, which are appended to this report (See

Attachment A). The results of this testing are briefly described in the
following sections, with an emphasis on the conclusions and the implications for
subsequent rounds of testing.

2.2.1 207C Treatability Testing

2.2.1.1 Preliminary Testing

Preliminary testing was conducted in November of 1991 to obtain initial data for
stabilization of Pond 207C waste. At this time, only limited sample was
available for the treatability studies. Therefore, a full set of factorial
experiments could not be performed. Because 207C was considered the most
challenging pond waste to stabilize, a limited set of mixes was prepared in order
to generate data before the bulk sample for treatability testing was collected.
The main objective of the preliminary testing was to determine if a cement/flyash
system was capable of stabilizing the high-salt brine in Pond 207C. This testing
consisted of mixing two batches of 207C material. The first batch used 207C
water and sludge mixed with lime, Type C flyash, and Type I-II cement. The second
batch used the above materials plus the Halliburton Latex 2000 System.

The purpose of evaluating the Latex 2000 System was to determine if it would
encapsulate the salt, thereby preventing efflorescence which is the formation of
an external precipitate. Additionally, the latex has been shown to lower the
permeability of the solidified material, which would reduce moisture penetration
and possibly minimize crystal growth. '

In both batches the cement to flyash ratio was 1 to 2. The water to pozzolan
(cement plus flyash) ratio was approximately 0.46 for each batch.

Testing included unconfined compressive strength (UCS), TCLP metals analysis, and
freeze/thaw, wet/dry durability testing. After 24 days of normal curing the UCS
results were greater than 600 psi for both batches. The TCLP results were below
the LDR requirements (40 CFR 268) and the RCRA toxicity characferistic
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requirements (40 CFR 261).

Neither batch successfully passed all of the durability testing. The
lime/cement/flyash batch failed the wet/dry test in cycle 8 and failed the
freeze/thaw test in cycle 9. The batch with the Latex 2000 System passed the
wet/dry test but failed the freeze/thaw test in cycle 3. Additional details of
this testing are provided in the Memo from T. Snare to T. Bittner dated January
20, 1992 (see Attachment A-1).

The results of the preliminary testing indicated that a cement/flyash system was
capable of stabilizing Pond 207C waste based on strength (UCS) and regulatory
parameters (TC and LDR constituents). Additional testing was required to improve
durability performance.

2.2.1.2 Phase I/II Testing

The Phase I/II testing conducted in January 1992 was the initial large-scale
mixing of CSS formulations. The objective was to screen various formulations
based on a lime/cement/flyash system. Testing in this phase was conducted using
factorial-type experimental design. Factorial experiments allow evaluation of
the interaction of several variables to determine if one of the variables has a
greater impact on the CSS formula development. The variables which were
evaluated during this phase of the testing were the interaction of the cement,
flyash, and additive dosages. The factorial experiments were designed to vary
the dosages of each of the above parameters by a fixed percentage. Figure 2-2
represents a 3x3 factorial experiment in which cement, flyash, and additive

(Latex 2000) dosages were varied around a center point concentration.

Testing conducted in Phase I/II was based on the results of testing conducted in
the preliminary phase. The quantity of pozzolans used for the center point of
the factorial experiments was the dosage used in the preliminary test increased
by 25 percent. The pozzolan dosage was increased to try to improve performance
in the wet/dry and freeze/thaw durability tests. This testing involved
experiments using binder formulations of Type V portland cement, Type C flyash,
and hydrated lime. The preliminary testing successfully demonstrated that the
CSS formula could achieve acceptable strength and pass the LDR requirements.
The purpose of this testing was to improve long~term durability of the stabilized
waste.
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The cement used in the preliminary testing was Portland Type I-II, which is used
for situations where moderate sulfate attack is possible. However, upon
evaluation of the sulfate concentrations in Pond 207C, a decision to use Type V
cement was made. The mean sulfate concentration of the 207C water is 17,000 mg/1
sulfate which is in the range where Type V cement (sulfate-resistant cement) plus
a pozzolan which improves sulfate resistance is recommended (Portland Cement
Association, 1979). Section 2.3.2.3 contains further discussicn of the decision

to use Type V cement for all further testing of 207C and clarifier waste.

During this phase of the treatability study for Pond 207C, an evaluation of
admixtures was conducted. The admixtures evaluated included plastic fibers,
sodium silicate, Latex 2000 system (proprietary Halliburton Services additive
reduces permeability), and HR-25 and HR-4 (proprietary Halliburton Services
cement retarders). These additives were evaluated to determine their effect on

durability testing performance.

The plastic fibers were added to the CSS formulation because they can act as
reinforcing and should prevent the golidified material from falling apart if
cracks develop. Sodium silicate can provide several improvementsg to CSS
formulations, including the reaction of soluble silicates with metal ions to form
low solubility metal silicates. The second reaction occurs between soluble
silicates and reactive components of portland cement. This reaction results in
a gel structure which has better solid properties, especially for waste with low
solids content (Conner, 1990).

The Latex 2000 System was evaluated to determine if it would reduce crystal
growth in the final waste product. Because the latex system reduces
permeability, it was thought that crystal growth might be reduced by preventing
excess water from contacting the salts, and thereby preventing growth of

crystals.

HR-25 and HR-4 are proprietary cement retarder additives supplied by Halliburton
Services. Both were used in this application because testing conducted at the
Halliburton Research Center at Duncan, Oklahoma, indicated that these additives
reduced efflorescence in surrogate material. Although no efflorescence was
observed in the actual waste, these additives were evaluated because it was

thought that they might improve long-term disability.

After the specimens for each formulation were cured for 48 hours (accelerated
method), they were evaluated for free liquids and then strength by UCS testing
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if no free water was present. The only cylinders which had free water present
were those cylinders which had the HR-4 or HR-25 additives. The reason for the
presence of free water is because the additive dosage was apparently too high,
which resulted in retardation of the cement chemistry. All of the remaining
cylinders developed a minimum of 100 psi after the 48-hour accelerated cures, and
the more successful formulas achieved strengths of approximately 600 psi. In
general, cylinders which achieved UCS results greater than 200 psi appeared to
be good cylinders vigually and continued no free liquids. Although the Paint
Filter Liquids test and the Liquid/Solids test were not conducted, cylinders with
UCS results of 200 psi after 48-hour cures should easily pass these tests.
Formulations that passed the strength criteria were leached using the TCLP
method, and the extract was analyzed for metals. Formulations that passed the
strength criteria were also evaluated for accelerated wet/dry and freeze/thaw
durability. The durability test specimens were evaluated for strength after the
completion of the wet/dry and freeze/thaw durability tests to determine whether
a decrease in strength occurred.

The freeze/thaw and wet/dry durability test procedures (ASTM D560 and D559) were
modified for Phase I/II to enable the testing to be completed in an expedient
manner because of schedule constraints. The control cylinder (i.e., volume and
moigture control specimen) was omitted, thus only one cylinder was submitted for
each test. The dimension measurements and the weighing of the cylinders after
each cycle were omitted. Brushing of the cylinders was done as specified in the
methods. The freeze/thaw procedure was accelerated by reducing the time of
freezing from 24 hours/cycle to 12 hours/cycle. The wet/dry procedure was
accelerated by decreasing the drying period from 42 hours to 19 hours and the
time of submergence from 5 hours to 4 hours. This enabled the cycle to be
performed in a 23-hour cycle giving the lab one hour leeway to move the samples
as required. ’

The results of these tests are provided in the Technical Memorandum for 207C
Stabilization, Revision 1 dated May 1992 (see Attachment A-2). In summary, the
results indicated that all but one of the cylinders prepared with lime/cement/
flyash, lime/cement/flyash/plastic fibers, lime/cement/flyash/sodium silicate,
and lime/cement/flyash/Latex 2000 passed all of the LDR criteria and the
accelerated durability testing. The exception was that one of the nine tests

using lime/cement/flyash/sodium silicate failed the wet/dry durability test.

The mixes prepared with HR-4 and HR-25 were not successful. The dosages used for
these admixtures were too high, as observed by the inability of the cylinders to
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achieve acceptable UCS results after accelerated 48-hour cures. Many of the
cylinders did not set during the cure time and had free water present.
Evaluation of the TCLP results were not conducted. These results were invalid
because of laboratory error during performance of the TCLP extraction procedure.
A larger quantity of acetic acid than required by the method was added to the
leach solution. Because excess acid was used in the extraction procedure, the
pH was reduced significantly, resulting in the metals of concern becoming more
soluble and thus invalidating the results (additional details are provided in
Attachment A-2).

In general, it was concluded that none of the additives provided any increased
ability to withstand the durability tests, with the possible exception of latex.
Because there appeared to be no obvious benefit from the use of plastic fibers,
sodium silicate, HR-25, and HR-4, they were eliminated from further testing. The
results for the lime/cement/flyash batches had the best results with regard to
UCS, TCLP, and durability tests. However, the Latex 2000 system may have had
some benefit regarding microscopic encapsulation of salt crystals in the
stabilized matrix.

The cylinders with the Latex 2000 System and the lime/cement/flyash cylinders
were analyzed using petrographic methods. some of the cylinders with latex
appeared to have a good tight cement matrix with no visible cracks or pores. The
cylinders with latex had a better quality hydration in the low cement ratio
blends compared to the corresponding blends without the latex added (HALLIBURTON
Services Research Center, April 1992). For these reasons, the Latex 2000 System

was carried into the Final Confirmation Phase.

2.2.2 CLARIFIER TREATABILITY TESTING

2.2.2.1 Phase I/II Testing

The Phase I/II clarifier tests were conducted in a fashion similar to that of
207C. The clarifier testing evaluated the addition of plastic fibers and sodium
silicate to a lime/cement/flyash CSS formula. Because of the poor results
obtained on 207C waste using the additives HR-4 and HR-25, these additives were
dropped from further consideration. The procedures and results of this testing
are provided in Attachment A-3. The results are briefly summarized below:
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U The additives tested (plastic fibers and sodium silicate) did not
appear to provide significant improvement for durability or strength

when compared to the lime/cement/flyash mixture.

. All of the mixtures with Type V cement and Type C flyash at a ratio
of 1 to 2 achieved UCS results of at least 100 psi and had no free
water present after curing. The water to pozzolan (cement plus

flyash) ratios that were tested are as follows:

Batch 1 = 0.69
Batch 2 = 0.61
Batch 3 = 0.99
Batch 4 = 0.82
Batch 5 = 0.76
. The formulations prepared were not adequate for the freeze/thaw and

wet/dry durability testing. Very few cylinders successfully passed
the freeze/thaw test and none passed the wet/dry test. Failure for
the wet/dry testing is likely related to the high water to pozzolan
ratio, and possibly related to the presence of sulfate in the
clarifier sludge. The sulfate may react with components of the Type
C flyash during the drying cycle of the wet/dry test, resulting in

an unstable product and subsequent failure of the test.

° The results of the TCLP analysis for the lime/cement/flyash
formulation using 0.8% to 1.0% lime by weight of the total end

product successfully met all Land Disposal Restriction criteria.
2.2.2.2 Phase III/IV Testing
No Phase III/IV confirmatory testing was conducted solely on clarifier waste
because of the decision to combine clarifier waste with 207C waste for
processing. See Section 2.2.3 for a discussion of the Phase III/IV testing of

the combined 207C/clarifier waste.

2.2.3 confirmation Phase for Pond 207C and Pond 207C Combined With the Clarifier

A decision to process both 207C and the clarifier contents in the same process
train was made during the performance of the treatability study, resulting in the
need to conduct treatability testing on the combined waste streams.
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Additionally, testing was required on 207C material by itself because the
clarifier contents will be treated in a short time period, which will necessitate

initially treating 207C without the addition of the clarifier waste stream.

The final phase of testing was conducted using hydrated lime, Type V portland
cement, and Type C flyash at a ratio of one part cement to two parts flyash. The
lime dosage ranged from 1.1 to 1.4 percent of the total product. The final
testing was conducted by varying the amount of pozzolans to water in the waste
form. The different water to pozzolans ratios tested were primarily in a range
of 0.34 to 0.50.

Mixes were prepared using lime/cement/flyash and lime/cement/flyash plus Latex.
The Latex dosage was evaluated at 1, 3, and 5 percent by weight of the cement
added. Several other additives were also evaluated because they may be required
during remediation. D-Air-2 may be required to reduce foaming in the RCM and the
Superplasticizer may be needed to maintain £luidity of the mix during

remediation.

Mixes were performed to test the effect of D-Air-2, Superplasticizer, and D-Air-2
with Superplasticizer. The D-Air-2 was added at 0.25% by weight of pozzolans and

the Superplastcizer was added at 1.67% by weight of pozzolans. These
concentrations were selected based on successful testing on the surrogate waste
by Halliburton Services at the Duncan, Oklahoma Research Laboratory. These

additions were tested in 207C water, 207C water and silt, and 207C combined with

the clarifier sludge.

The testing was conducted on various mixtures of 207C liquid and sludge (i.e.,
slurries with varying concentrationg of suspended solids) and with clarifier
sludge combined with the 207C material. The mixtures were prepared in a manner
which represents possible processing scenarios during remediation. There are

three possible processing scenarios envisioned:
1. 207C water and sludge slurried.

Currently, it is proposed that the total contents of 207C will be
homogenized for remediation and, if necessary, any crystal will be
dissolved by diluting the brine water with a fresh water source. It
is expected that by doing the above, at worst case the 207C liquid
will be saturated and the slurry of combined silty sludge will
contain approximately 5 to 10 percent total suspended solids (TSS).
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The TDS value will be dependent on the liquid level in the pond at
the time of remediation, but will have a maximum TDS value of 35%.

I

2. 207C slurry combined with clarifier material.

Once the 207C process train is operating properly, then the
clarifier slurry will be blended with the 207C slurry. The blending
of these two waste streams have the limitation that the combined TSS
will not exceed 10 percent, as required by the RCM. When the two
waste streams were combined in the laboratory at the expected
proportions, analysis of the final mixture indicated that the
clarifier contents had a TSS of 5.7 mg/l. This was the highest

concentration tested in the laboratory experiments.
3. Wash-down water and any residual solids from Pond 207C.

The final processing scenario will occur toward the end of Pond 207C
processing. It is possible that toward the end of processing, only
water with very little solids will require treatment. The water
will be mostly water uged to wash the pond basin free of any
residual solids remaining after the bulk of the solids have been

removed.

Based on the above scenarios, the following waste forms were prepared for CSS

testing in the final phase:

. 207C water and sludge combined at a suspended soclids loading from
7 percent to 17 percent.

. 207C water and sludge combined with clarifier contents.

. 207¢C water with less than 1 percent suspended solids.

The results of the Confirmatory Phase testing are presented in Section 3.0.
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2.3 TREATABILITY STUDY TESTING PROCEDURES

2.3.1 Ssample Preparation

In general, all of the CSS testing was conducted in a similar fashion. Both Pond
207C and the clarifier contents were chlorinated prior to conducting CSS formula
development.

Chlorination/Diginfection

NVO-325 requires that no pathogens, infectious waste, or other eticlogical agents
as defined in Title 49 CFR 173.386 be present in waste accepted at NTS. The
definition provided in 49 CFR 173.386 refers to a listing in 42 CFR 72.3. Review
of this list suggests that it was developed for packaging and transportation of
etiological agents and is not directly applicable to sanitary sewage, the
apparent source of biological activity in the pond sludges.

Sanitary wastes were discharged into the solar ponds in past years (Wienand and
Howard, 1992). Verification testing of the clarifier sludge and Pond 207C sludge
to determine the presence of typical indicator bacteria for sewage was conducted
upon receipt of the bulk samples at the HALLIBURTON NUS Laboratory. The testing
was conducted to determine if total and fecal coliform were present in the

sludge. The results of the testing are provided below:

Matrix Parameter Result
Clarifier Total Coliform <100 Colonies/100 ml
Clarifier Fecal Coliform <300 Colonies/100 ml
Pond 207C Fecal Coliform <30 Colonies/100 ml

The values provided above indicate that the results are below detection limits.
The detection limits are somewhat elevated because of sample dilutions which are
necessary because of the high solids content in the sludge samples. However, the
values reported may be false-negatives because the sample holding times were
exceeded. The holding time for both total coliform and fecal coliform is 6 hours
using Standard Methods 909A and 909C, respectively. The above samples were
analyzed approximately one week after collection (samples were shipped by ground
transportation from Rocky Flats to Pittsburgh). Although the sample holding

times were technically exceeded, which suggest that the data is not conclusive,
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an argument can be made that there is little difference between the sludge being
stored in a sample container compared to remaining in the pond given the length

of time since sewage was introduced into the pond.

It should also be noted that the concentration of pathogens in the sludge may
have been reduced considerably since the time when sewage was first discharged
to the Solar Ponds. Typically, pathogens, mainly those which are highly
parasitic, cannot survive for an extended period of time outside of the host-
organism (i.e., human body) (Carpenter, 1977). This suggests that the pathogen
concentration in the pond sludges has probably decreased over time since sewage

has not been discharged into the ponds for several years.

Typically, long-term storage of sludge in ponds results in a decrease in numbers
of pathogens. Reductions as high as 99.9 percent have been reported for fecal
coliform after 30 days of storage in a sludge lagoon (Environmental Protection
Agency, September 1979). Additionally, the conditions found in Pond 207 are not
favorable for pathogens associated with sewage sludge because of the high salt
content.

Because testing for total and fecal coliform to determine the presence of
pathogens was inconclusive because of the holding time issue, a decision was made
to disinfect the sludge using calcium hypochlorite. The quantity of chlorinating
agent added was based on providing 1 ppm of residual chlorine after 30 minutes
of contact time. A residual chlorine concentration of 0.5 mg/l is considered
acceptable engineering practice after 15 to 30 minutes of contact time for
disinfection of effluents from sewage treatment plants (Corbitt, 1989). The
rationale for using residual chlorine to monitor disinfection was necesgsary
because of the inability to verify the presence of fecal coliform in the original
sample.

When analysis for residual chlorine was conducted, difficulties were encountered
in obtaining an accurate result because of interferences caused by the high salt
content in the pond and the yellow color of the pond water. The high salt
content interfered with analytical methods which used an ion specific probe and
the yellow color of the pond water interfered with calorimetric measurements.
The presence of excess chlorine was determined using potassium iodine (KI) paper.
This test is qualitative and cannot determine the exact concentration of residual
chlorine.
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Initial chlorination studies were conducted on 207C/clarifier sludge to evaluate
cyanide oxidation, not pathogen destruction. The dosages investigated for

cyanide destruction were higher than these needed for pathogen destruction.

Initial chlorination of the clarifier and Pond 207C sludge used a dosage of 7500
ppm calcium hypochlorite to oxidize cyanide (Details of the cyanide oxidation
testing are provided in Attachment A-4). This dosage was lowered for the final
phase of testing because oxidation of cyanides were deemed unnecessary. The
final phase of testing used a calcium hypochlorite dosage of 2000 ppm (based on
100 percent pure product with 70 percent available chlorine). Although actual
chlorine analysis was not able to verify that 1 ppm of residual chlorine existed
after 30 minutes, it can be inferred from data for Pond 207A/B sludge and by

detection of residual chlorine using potassium iodide (XI) paper.

Analysis of residual chlorine from the combined sludges of Pond 207a and the 207B
series ponds indicated that a dosage of 208 ppm of calcium hypochlorite resulted
in a residual chlorine concentration of approximately 25 ppm after 30 minutes.
The dosage for Pond 207C and the clarifier is approximately 10 times higher than
the dosage used for the A/B sludge and is believed to be sufficient to result in

a residual chlorine concentration in excess of 1 ppm.

The dosage of 2000 ppm of calcium hypochlorite is equivalent to approximately
11.2 pounds/1000 gallons. A dosage of 17 1b/1000 gallons is recommended for
disinfection of primary sludge (Environmental Protection Agency, September 1979).
This dosage is somewhat higher than the dosage used to disinfect Pond 207C,
however, primary sludge would be fresh sewage and would contain a much higher

level of pathogens.

In addition to chlorinating the sludge, the mixing of pozzolans with the sludge
will increase pH which will also result in disinfection. When the pond sludge
and the pozzolans are mixed together, the pH will increase to approximately 12.0
to 12.5. Typically, most bacteria are killed at pH conditions greater than 11
(Weber, 1972).

A final consideration is that the final stabilized waste form will be a solid
matrix which will not contain significant amounts of free moisture which is
necessary for growth of bacteria. A cement matrix is not an ideal environment

for the proliferation of pathogens.
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Pozzolan Addition

Each batch for the CSS formulation was prepared by weighing a specified quantity
of homogenized waste material (typically 2000 grams). Then the specified
quantity of lime was placed in the Hobart mixer with the waste material and mixed
for 5 minutes. Then the pozzolans were weighed and mixed with the waste and
lime for 5 minutes. After the completion of mixing, the final product was
placed in plastic cyliﬁders (2 inch diameter x 4 inch high) for curing. The
cylinders were capped and sealed, then placed in Coleman coolers to maintain
constant humidity. It should be noted that any temperature fluctuations during
curing of the solidified material were not monitored. Curing temperatures were
maintained at ambient temperature, which is in accordance with the American
Concrete Institute (ACI)specifications for cold and warm weather concrete. The
ACI specification (306R~90) for cold weather curing indicates that the
temperature must be maintained above 50°F during curing. The ACI specification
(305R-89) for hot weather concreting indicates that the temperature should be
between 75°F and 100°F to avoid unfavorable effects from heat. The temperéture
of the treatability laboratory was monitored and was within the above temperature
ranges.

Table 2-2 provides a summary of all the batches prepared in the final phase of
testing for Pond 207C using a CSS$ mixture of lime, cement, and flyash. Table 2-3
summarizes the batches prepared for the combined waste stream of the clarifier
and Pond 207C. Tables 2-4 and 2-5 summarize the batches prepared using lime,
cement, flyash, and the Latex 2000 System for Pond 207C and the combined waste
stream of Pond 207C and the clarifier, respectively.

Review of Tables 2-2 through 2-5 indicates that the total suspended solids (TSS)
plus the total dissolved solids (TDS) does not always equal the total solids
(TS). This could be a result of analytical accuracy or over-lap of solids in
both TSS and TDS (i.e., some solids may be recorded as both TSS and TDS). It

should be noted that the water to pozzolan ratios were based on the total solids
result. The result used for total solids is typically based on the average of

duplicate or triplicate analyses.

Cylinder Curing and Testing

After mixing, some specimens were allowed to cure for 7 days and were evaluated
for strength (UCS) and metals leachability (TCLP). Other specimens were allowed
to cure for 28 days and then evaluated for strength, compliance with LDR
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TABLE 2-2
SUMMARY OF 207C WATER AND SILT MIXES
LIME/CEMENT/FLYASH
Total Total
Batch No. Water/Pozzolan Cement/Flyash/Lime Total Dissolved S
(Date Mixed) Ratio Ratio Solids Solids Solids
1. (2/13/92) 0.36 1/2/0.091 40.0% 27.3% 9.3%
2. (2/13/92) 0.42 1/3.34/0.055 40.0% 27.3% 9.3%
3. (2/13/92) 0.44 1/2/0.083 40.0% 27.3% 9.3%
4. (2/13/92) 0.46 1/1.2/0.050 40.0% 27.3% 9.3%
5. (2/13/91) 0.56 1/2/0.065 40.0% 27.3% 9.3%
6. (4/6/92) 0.34 1/2/0.073 38.6% 34.1% 0.89%
7. (46/6/92) 0.42 1/2/0.072 38.6% 34.1% 0.89%
8. (4/6/92) 0.50 1/2/0.077 38.6% 34.1% 0.89%
9. (4/3/92) 0.34 1/2/0.065 35.0% 33.1% 7.4%
10. (4/3/92) 0.42 1/2/0.070 35.0% 33.1% 7.4%
11. (4/3/92) 0.50 1/2/0.076 35.0% 33.1% 7.4%
12. (4/2/92) 0.34 1/2/0.066 38.6% 34.96% 9.1%
13. (4/2/92) 0.38 1/2/0.069 38.6% 34.96% 9.1%
14. (4/2/92) 0.42 1/2/0.072 38.6% ' 34.96% 9.1%
15. (4/2/92) 0.46 1/2/0.074 38.6% 34.96% 9.1%
16. (4/2/92) 0.50 1/2/0.077 38.6% 34.96% 9.1%
17. (4/2/92) 0.42 1/2/0.074 44.0% 40.4% 9.1%
18. (4/2/92) 0.50 1/2/0.080 44.0% 40.4% 9.1%
19. (4/3/92) 0.38 1/2/0.071 43.4% 32.1% 11.3%
20. (4/3/92) 0.42 1/2/0.074 43.4% 32.1% 11.3%
21. (4/3/92) 0.48 1/2/0.079 43.4% 32.1% 11.3%
22. (4/3/92) 0.34 1/2/0.071 49.1% 31.9% 17.2%
23. (4/3/92) 0.42 1/2/0.078 49.1% 31.9% 17.2%
24. (4/3/92) 0.50 1/2/6.084 49.1% 31.9% 17.2%
25. (5/13/92)¢ 1 0.42 1/2/0.070 35.0% 33.1% 7.4%
26. (5/13/92¢2 0.42 1/2/0.070 35.0% 33.1% 7.4%
27. (5/13/92)3 0.42 1/2/0.070 35.0% 33.5% 7.4%
28. (5/13/92)'%) 0.42 1/2/0.072 38.6% 34.1 0.9%
29. (5/13/92)¢3) 0.42 1/2/0.072 38.6% 34.1% 0.9%
30. (5/13/92)¢®? 0.42 1/2/0.072 38.6% 34.1% 0.9%
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TABLE 2-2

SUMMARY OF 207C WATER AND SILT MIXES
LIME/CEMENT/FLYASH

PAGE TWO

NOTE: Supporting information for Total Solids, Total Dissolved Solids, and Total Suspended Solids is provided
in Attachment D.

(1) + Additive Mixture: Added D-Air-2 at 0.25% of total pozzolan weight.

(2) Additive Mixture: Added superplasticizer at 1.67% by weight of pozzolan.

(3 Additive Mixture: Added D-Air-2 at 0.25% and superplasticizer at 1.67% by weight of pozzolans.

(4) Additive Mixture: Added D-Air-2 at 0.25% by weight of pozzolans.

(5 Additive Mixture: Added superplasticizer at 1.67% by weight of pozzolans.

(6) Additive Mixture: Added D-Air-2 at 0.25% and superplasticizer at 1.67% at total by weight of pozzolans.
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TABLE 2-3
SUMMARY OF POND 207C AND CLARIFIER MIXES
LIME /CEMENT/FLYASH
Total Total
Batch No. Water/Pozzolan Cement/Flyash/Lime Total Dissolved S

(Date Mixed) Ratio Ratio Solids Solids Solids
1C_ ¢4/1/92) 0.34 1/2/0.065 33.8% 27.4% 11.0%
2C_ (4/1/92) 0.42 1/2/0.070 33.8% 27.4% 11.0%
3C  (4/1/92) 0.50 1/270.076 33.8% 27.4% 11.0%
4C  (4/6/92) 0.34 1/2/0.066 38.9% 34.6% 11.6%
5C  (4/6/92) 0.38 1/2/0.078 38.9% 34.6% 11.6%
6C  (4/6/92) 0.42 1/2/0.072 38.9% 34.6% 11.6%
7C_ (4/6/92) 0.46 1/2/0.067 38.9% 34.6% 11.6%
8C (4/6/92) 0.50 1/2/0.077 38.9% 34.6% 11.6%
9C  (4/6/92) 0.50 1/1/0.052 38.9% 34.6% 11.6%
10C (4/6/92) 0.34 1/0/0.022 38.9% 34.6% 11.6%
11C_(4/6/92) 0.38 1/0/0.023 38.9% 34.6% 11.6%
12C (4/6/92) 0.42 1/0/0.024 38.9% 34.6% 11.6%
13C (4/6/92) 0.46 1/0/0..025 38.9% 34.6% 11.6%
14C _(4/6/92) 0.50 1/0/0.026 38.9% 34.6% 11.6%
15C (5/13/92)<1) 0.42 1/2/0.072 38.9% 34.6% 11.6%
16C (5/13/92)¢2) 0.42 1/2/0.072 38.9% 34.6% 11.6%
17¢C (5/13/92)(3) 0.42 1/2/0.072 38.9% 34.6% 11.6%

NOTE: Supporting information provided in Attachment D for Total Solids, Total Dissolved Solids,
and Total Suspended Solids.

(1) Additive Mixture: Added D-Air-2 at 0.25% by weight of pozzolans.
(2) Additive Mixture: Added superplasticizer at 1.67% by weight of pozzolans.
(3) Additive Mixture: Added D-Air-2 at 0.25% and superplasticizer of 1.67% by weight of pozzolans.
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treatment standards (TCLP and analysis for inorganics and organics of concern),
free liquid criteria (paint filter liquids test and liquid/solids test) and
durability (wet/dry and freeze/thaw resistance). Only the batches prepared at
a 0.42 water/pozzolan ratio were tested for volatile organics after the TCLP Zero
Head-Space Extraction (ZHE). Specimens that were subjected to wet/dry and
freeze/thaw tests were also evaluated for strength to determine whether a
decrease in strength had occurred. Additional details of the analysis program
are provided in Sectiqn 2.3.3.

Petrographic analysis of the test cylinders was also conducted to determine if
certain parameters had a microscopic effect on the final product. The main
parameter of concern, that was evaluated, was the effect of latex on crystal
growth. Additional parameters which were evaluated included suspended solids
loading, salt loading, and variation of the water to pozzolan ratio. Details of

the results of petrographic analysis are provided in section 3.1.2.3.

2.3.2 Equipment and Materials

2.3.2.1 Mixed-Waste Treatability Study Laboratory

The testing conducted for the Pond 207C/Clarifier CSS treatability study was
performed at the HALLIBURTON NUS Laboratory in Pittsburgh, Pennsylvania. The
work was performed in a treatability room that was specifically designed to
accommodate low-level mixed waste materials. The room has double air locks for
entrance and exit along with a negative air ventilation system which exhausts air
through HEPA filters. All personnel entering this secured area are required to
wear personnel protective equipment (Tyvek coverall, booties, and latex gloves).
Personnel must also wear dosimetry badges and rings. Additionally, all personnel

must also submit quarterly bioassays for radionuclide analysis.

2.3.2.2 Laboratory Equipment

All major equipment used for the solidification portions of the treatability
study is provided in Table 2-6. This table provides the manufacturer, model

number and the pertinent specification for the equipment.
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TABLE 2-6

EQUIPMENT SUMMARY

Equipment Manufacturer Model No. Pertinent Specifications

Mixer Hobart N-50 Motor Rating: 1/6 HP, 1725 RPM,
Single Phase, 115v., 60 Hz, 2.85
Amps

Unconfined Compressive Geotest Instrument | $2013 Max. Load Ring = 2000 ib.

Strength Corporation

Accelerated Cure Bath CURAMOLD 6BA Temperature Rating 95°F #5°F

brying Oven (freeze/thaw Fisher Scientific 655F Accuracy +2°F

and liquid/solids tests)

Freezer Revco ult 1340-5-AVA Accuracy *2°F

2.3.2.3 €SS Material Specifications

The materials used for the CSS formulas include cement, flyash, lime, and
materials for the HALLIBURTON Latex 2000 system. For all of the testing, the

same type of materials were used.

The lime used was a high calcium hydrated lime manufactured by Center Lime and
Stone Inc., Pleasant Gap, Pennsylvania. The typical specifications for a high

calcium hydrated lime are as follows:

. Specific Gravity - 2.3 to 2.4

. Bulk Density - 25 to 35 lb./cu. ft.-

. Specific Heat at 100° F. - 0.29 Btu/lb.

. Contains less than 5% magnesium oxide

° Contains less than 1% unhydrated oxides
The cement used for the CSS formula development is classified as Type V as per
ASTM C-150. Type V cement is used when there is potential for sulfate attack,
either internally of externally. It is recommended that Type V cement be used
if sulfate concentrations in water are between 1,500 to 10,000 ppm (Portland

Cement Association, 1979). The concentration of the clarifier water and 207C
pond water are 2,600 to 3,200 mg/l and 16,000 to 18,000 mg/l, respectively
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(HALLIBURTON NUS, 1992). Therefore, the use of Type V cement is considered
necessary.

Typically, sulfate attack is only thought to be a concern for cement which is
subjected to external sulfate attack from groundwater or where the reinforcing
in concrete structures will corrode when exposed to high sulfate concentrations
in the mixing water. However, internal attack from sulfate will cause expansion
and cracking of the matrix resulting in loss of strength and disruption.
Expansion is caused by sulfate ions reacting with tricalcium aluminate (CzR)
which forms ettringite (Ouyang, Nanni, and Chang, 1988). To improve resistance
to sulfate attack, a cement which is low in CsA should be used. Less than 7.0
percent CiA is recommended. The ASTM standard (ASTM C 150-89) for Type V
portland cement is less than 5 percent for CsA content, and therefore should
reduce the potential for deterioration of the final product from internal sulfate
attack.

The primary difference between Type V and Type I cement is the amount of CzA in
the cement. Type V cement specifies a maximum of 5% CiA, whereas Type I has no
maximum. The cement used in the treatability study was obtained from Mountain
Cement Company located in Laramie, Wyoming. A Product Specification Sheet is
provided in Attachment B. Also shown in Attachment B are the results for gross
alpha and gross beta analysis for the cement.

The flyash that was used for the CSS formulas was Type C, which meets the ASTM
C618 specification. Two different sources of Type C flyash were used, both
supplied by the Western Ash Company. One was from the Comanche power plant, and
the other was from the Pawnee power plant. The Pawnee flyash was used for the
majority of the testing. The two flyashes are similar in chemical make-up, as
shown by the analyses on the Product Specification Sheets provided in
Attachment B.

The Halliburton Latex 2000 System includes a latex additive, D-Air 3, and
Stabilizer 434cC. The D-Air 3 is a defoamer and the Stabilizer 434C is a
surfactant. All three products are proprietary.

Two other Halliburton products which were used during the treatability study are
D-Air-2 and a Superplasticizer. The D-Air-2 is a defoamer and may be required
during remediation to reduce foaming in the RCM. Superplasticizer may be needed

during remediation to ensure that the pozzolan mixture remains fluid.
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2.3.3 Analytical Program

Throughout the treatability study, samples were collected and analyzed to assess
the €SS formulations. Samples of stabilized waste were collected at the end of
predetermined curing times, either 48 hours, 7 days, or 28 days. Samples were
collected by removing the stabilized waste from the plastic curing cylinder by
cutting the plastic cylinder. The cured cylinders were hand-carried to the
laboratory log-in area where each sample was assigned a laboratory tracking
number. After samples received a tracking number, standard laboratory chain-of-
custody procedures were followed as described in the HALLIBURTON NUS Laboratory
General Quality Assurance Manual.

Only those analysis which are required for final product certification are
analyzed by SW-846 with deliverables similar to CLP-type deliverables. This

'primarily refers to those analyses conducted for the LDR final phase with the

intention that these data will be legally defensible. All other analysis were
conducted according to SW-846, but where analyzed with the intention of being

used for engineering data (i.e., CLP-like deliverables are not provided and data
is not validated)

The analytical program for the final phase of CSS testing is provided in Table
2-7. The rationale for each analysis is provided below.

. Unconfined compressive strength (UCS) provides an estimate of the
final product’'s strength and allows comparisons with other
formulations. BAlthough direct correlations cannot be drawn between
strength and any of the LDR or free liquid requirements, UCS results
that approach 600 psi have typically passed the durability testing.

. TCLP analysis for RCRA metals plus nickel are required to ensure
that the final waste form meets the LDR requirements as regulated
by 40 CFR 268.41 and toxicity characteristic criteria regulated by
40 CFR 261.24. The toxicity characteristic metals such as arsenic
and cadmium are required because their toxicity characteristic
concentrations were exceeded in the raw waste. Cadmium, chromium,
lead, nickel, and silver are regqulated by F006, FO007, and FO009
wastes, and are therefore required to verify that they leach below
the LDR limits.
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TABLE 2-7

SUMMARY OF TESTING FOR

Deliverable (Combined) 235A and 2358
POND 207C AND CLARIFIER
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FINAL PHASE
POND 207C AND CLARIFIER CSS TREATABILITY STUDY
ROCKY FLATS PLANT, COLORADO
Analysis Method Sampled After 7 Sampled After
Days of Curing 28 Days of
Curing
Unconfined Compressive Strength (UCS) ASTM D4219-83 Yes Yes
' TCLP-RCRA Metals and Nickel (1) SW 301076010 Yes Yes
Total and Amenable Cyanide on TCLP Leachate ASTM D2036 Yes Yes
' TCLP/ZHE Selected Volatile Organics (2) SW 8240 No Yes(3)
Gross Alpha and Gross Beta on TCLP Leachate EPA 900.0 Yes No
Standard Test Methods for Wetting and Drying ASTM D559-82 and No Yes(4)
Compacted Soil-Cement Mixtures (Wet/Dry) and €39-86
UCS on cylinder following test
Standard Test Methods for Freezing and Thawing ASTM D560-82 and No Yes(4)
' Compacted Soil-Cement Mixtures (Freeze/Thaw) C39-86
and UCS on cylinder following test
Paint Filter Liquids Test SW 9095 No Yes
l Standard Test Methods for Determining Whether a ASTM D4359-84 No Yes
Material is a Liquid or a Solid (Liquid/Solids
Test)
. Petrographic Analysis ASTM C856-77 No Yes
1) TCLP_METALS (2) TCLP/ZHE VOLATILES
. Arsenic Benzene
Barium 2-Butanone
Cadmium Carbon tetrachloride
Chromium Chlorobenzene
' Lead Chloroform
Mercury 1,2-Dichloroethane
Nickel 1,1-Dichloroethene
Selenium Tetrachloroethene
Silver Trichloroethene
vinyt Chloride
3 Zero Headspace Extraction (ZHE) Volatile organic analysis was conducted on those batches had a water
l to pozzolan ratio of 0.42.
(4) Unconfined compressive strength testing was conducted after the durability testing to enable evaluation
of reduction of strength because of the sever conditions of the durability tests.




. Cyanide (total and amenable) was analyzed in the TCLP extract
because it is a constituent of FQ006, FO007, and FO09 wastes.
Although cyanide is regulated as a contaminant concentration in the
waste (CCW) constituent and not a contaminant concentration in the
waste extract (CCWE) constituent, it was analyzed in the TCLP
extract to provide data on its leaching characteristics. This

information is not required for waste certification.

. Analysis for the LDR-regqulated volatile organics was conducted as a
verification that these organics are below the LDR criteria as
required in 40 CFR 268.41. All of the volatile organic compounds
which are regulated by 40 CFR 268 for F001, F002, F003, and FO00S
wastes were not analyzed. Only the volatiles which had positive
detections during past sampling episodes were analyzed. Because the
characterization report indicated that none of the organics of
concern were detected at concentrations above the LDR criteria,
TCLP/ZHE volatile organic analysis was only conducted on several
batches as a verification that the organics are below RCRA LDR
requirements.

L Gross alpha and gross beta were analyzed on the TCLP leachate of fhe
final products for 7-day cured samples. These results were used to
determine if the TCLP extracts of stabilized 207C/clarifier waste
could be shipped from Rocky Flats to an off-site laboratory for
testing during remediation. However, it is no longer intended to
ship leachates off-site for analysis. The entire cylinder will be
sent off-site for analysis during remediation (Details of radiation
and shipping requirements are provided in Attachment E).

. The Paint Filter Test and the liquid/solids test are required to
determine if the final product can be shipped as a solid and to

verify that there are no free liquids present.

] Petrographic analysis provided qualitative microscopic evaluation of
the stabilized waste to help evaluate CSS performance and to
determine if the mixtures had any defects that are not apparent or
revealed by the regulatory or durability testing. This testing also
provided an indication of whether the addition of latex produced a
significantly better final product.
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2.3.3.1 Durability Testing Procedure

Durability testing was conducted following ASTM Methods D559-82 and D560-82 for
the wet/dry and freeze/thaw testing, respectively. These methods were selected
over ASTM Methods D4843-88 and D4842-90. The first two methods were considered
more stringent than the last two methods. The following sections compare the
methods for durability testing.

2.3.3.1.1 Comparison of Freezing and Thawing Test Methods

Two ASTM methods for Freezing and Thawing of material were evaluated to determine
which ASTM method to use for testing. The methods compared were ASTM Method
D560-82, Standard Methods for Freezing-and-Thawing Tests of Compacted Soil-Cement
Mixtures, and ASTM Method D4842-90, Standard Test Method for Determining the
Resistance of Solid Wastes to Freezing and Thawing, as shown in Table 2-8.

Method D560-82 utilizes two specimens, one is a "control" and the other is a
"scratch". The specimens are cycled for a series of twelve 48-hour periods; 24
hours in a freezing cabinet at -23°C, and then placed in a moist room for 23
hours at 21°C and relative humidity of 100 percent. After each cycle, the
"scratch” specimen is stroked longitudinally, covering all areas twice, with a
wire brush. The control specimen offers data based on the changes in moisture
content and volume over the 12 cycles, whereas the scratch specimen offers data
regarding the waste-cement logs of the specimen. Although ASTM Method D560-82
does not dictate the failure point of each specimen, it is felt that failure can
be determined based on a visual assessment of the scratched sample and the

control sample. Failure is considered to be the point at which the specimen
breaks apart.

Method D4842-90 utilizes six specimens, three are "control" and three are for
"testing". The "control" specimens are cycled for a series of twelve 48-hour
periods; 24 hours in a moisture chamber at 20°C, and 23 hours submerged in room
temperature water. The "testing" specimens are also cycled for twelve 48-hour
periods; 24 hours in a freezing chamber at -20°C and 23 hours submerged in water
at 4°C. At the end of each cycle, mass loss is calculated by evaporating the
water used for submersion of the specimens and weighing the residual solids. A

specimen is considered to have failed when its mass loss exceeds 30 percent.
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TABLE 2-8

ASTM METHOD SUMMARY

FREEZE/THAW DURABILITY TESTS

Item Method D560-82 Method D4842-90
No. of Control Specimens 1 3
No. of Test Specimens 1 3
Number of Cycles 12 12
Cycle Time 48 Hrs 48 Hrs
Max. Cycle Temp. 21°¢c 4°c
Min. Cycle Temp. -23°C -20°C
Defined Failure Point Na” 30% Mass Loss
* - Failure of specimen is determined visually. The specimen

is considered a failure when it breaks apart.

Although ASTM Method D4842-90 is established for testing of solid waste, the
preferred method for testing is ASTM Method D560-82. ASTM Method D560-82 cycles
both the control and scratch specimens over a broader temperature range than in
Method D4842-90. Also, in ASTM Method D560-82, the scratch specimen undergoes
a more rigorous cycle than the specimens in Method D4842-90, thus allowing a
better basis of determining adequate water to pozzolan ratios needed to achieve
long-term durability.

2.3.3.1.2 cComparison of Wetting and Drying Test Methods

Two ASTM methods for Wetting and Drying of material were evaluated to determine
which of ASTM method to use for testing. The methods compared were ASTM Method
D559-82, Standard Methods for Wetting-and-Drying Tests of Compacted Soil-Cement
Mixtures, and ASTM Method D4843-88, Standard Test Method for Wetting and Drying
Test of Solid Wastes, as shown in Table 2-9.

Method D559-82 utilizes two specimens, one is a "control"” and the other is a
"scratch". The specimens are cycled for a series of twelve 48-hour periods;
submerged for 5 hours at room temperature in potable water and then placed in an
oven for 42 hours at 71°C, after which the "scratch" specimen is stroked
longitudinally, covering all areas twice, with a wire brush. The control
specimen offers data based on the changes in moisture content and volume over the
Deliverable (Combined) 235A and 235B
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twelve cycles, whereas the scratch specimen offers data regarding the waste-
cement loss of the specimen. Although ASTM Method D559-82 does not dictate the
failure point of each specimen, it is felt that failure can be determined based
on a visual assessment of the scratched sample and the control sample. Failure

is considered to be the point at which the specimen breaks apart.

Method D4843-88 utilizes six specimens, three are "control" and three are for
"testing". The "control" specimens are cycled for a series of twelve 48-hour
periods; 24 hours in a moisture chamber at 20°C, 1 hour of cooling time, and 23
hours submerged in distilled water at 20°C. The "testing" specimens are also
cycled for twelve 48-hour periods; 24 hours at 60°C in an oven purged with
nitrogen, 1 hour cooling time, and 23 hours submerged in distilled water at 20°C.
At the end of each cycle, mass loss is calculated by evaporating the distilled
water used for submersion of the specimens and weighing the residual solids. A

specimen is congidered to have failed when its mass loss exceeds 30 percent.

TABLE 2-9

ASTM METHOD SUMMARY
WET/DRY DURABILITY TESTS

Item Method D559-82 Method D4843-88
No. of Control Specimens 1 3
No. of Test Specimens i 3
Number of Cycles 12 12
Cycle Time 48 Hrs 48 Hrs
Max. Cycle Temp. 71°C ' 60°C
Min. Cycle Temp. Room Temp. 20°c
Defined Failure Point NA* 30% Mass Loss

* - Failure of specimen is determined visually. The specimen is
considered a failure when it breaks apart.

Although ASTM Method D4843-88 is established for testing of solid waste, the
preferred method for testing is ASTM Method D559-82. In ASTM Method D559-82, the
scratch specimen undergoes a more rigorous cycle than the specimens in Method
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D4843~-88, thus allowing a better basis of determining adequate water to pozzolan
ratios needed to achieve long-term durability.

2.4 Data Validation and Evaluation

All laboratory analytical data which were required for final product
certification were subjected to the process of data validation. Formal data
validation is a systematic review and evaluation of data that serves as an
independent QA check of the laboratory results. It is also a means of evaluating
laboratory performance and determining the impact, if any, of noncompliances on
the data. Through the use of data qualifiers, validation lends interpretive
guidance concerning proper usage and limitations of the data.

Data validation was conducted in accordance with the EPA "Laboratory Data
Validation Functional Guidelines for Evaluating Inorganic Analyses" and
"Laboratory Data Validation Functional Guidelines for Evaluating Organic
Analyses," as applied for use within EPA Region VIII. The validation performed
on the treatability study samples was the same as that performed on Contract
Laboratory Protocol (CLP) samples.

Internal memoranda documenting the validation process were prepared and are
included in Attachment C. These memoranda explain the findings of the validation
process, interpret the actions taken on the data, and summarize the data
qualifiers assigned. The results of the validation process have been entered
into the data tables provided in Section 3.0.

Summary tables were prepared for all of the data generated in the final phase
to facilitate review and interpretation of the data. These tables are included
in Section 3.0.
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3.0 RESULTS AND DISCUSSION

Section 3.1 provides the results of all of the testing conducted for the final
phase (III/IV regulatory confirmation phase) of the treatability study for
Pond 207C and the Clarifier. Sections 3.2 and 3.3 discuss applying the results
of testing to the Process Control Plan and development of an operating range of
key process control parameters for the lime/cement/flyash CSS formula, and the
lime/cement /flyash plus latex CSS formula, respectively. Section 3.4 provides
information on the process formulations and operating ranges.

3.1 FINAL PHASE TREATABILITY STUDY RESULTS

The analytical data generated during the final, regulatory confirmation phase of
the treatability study are divided into two groups. The first group consists of
data from tests which are required for certification of the final waste product.
These tests include those concerning the LDR criteria and free liquid criteria.
The second group consists of data for engineering parameters such as UCS, wet/dry
durability, and freeze/thaw durability.

3.1.1 Results of Regulatory Testing

3.1.1.1 TCLP Metals/Cyanides/Radiological Results

The analytical results for the TCLP metals, cyanide, and gross alpha and gross
beta in the TCLP leachate are provided in this section. Tables 3-1A to 3-11
provide the analytical results for Pond 207C water and silt mixes with lime,
cement, and flyash. The analytical results for Pond 207C slurry (water and silt)
and the Clarifier mixed with lime, cement, and flyash are provided in Tables 3-2A
to 3-2D. Tables 3-3A to 3-3C provide the analytical results for Pond 207C water
and silt mixed with lime, cement, flyash, and Latex 2000. Table 3-4 provides the
analytical results for Pond 207C slurry and the Clarifier mixed with lime,
cement, flyash, and Latex 2000. All of the data presented in Tables 3-1A to 3-4
has been validated unless otherwise noted (Validation Letters are provided in
Attachment B).

Review of the TCLP results indicates that all leachate concentrations for all
of the batches in Tables 3-1A to 3-4 are below the criteria for the RCRA
characteristic of toxicity (40 CFR 261.24) and the criteria for the RCRA Land Ban
Restrictions (40 CFR 268.41) with one exception. The 7-day concentration for
lead in the TCLP leachate for Batch 15 was 569 ug/l, which is above the LDR

Deliverable (Combined) 235A and 235B
POND 207C AND CLARIFIER
TREATABILITY STUDY REPORT 3-1



Uo13093ap-UoN pIjeuwlysy -
pJepue3s ON - SN
pazAieuy JON - VN

6004 PUS ‘2004 ‘9004 404 892 ¥42 0% Aq pa1eInbay spunoduwod jelaw Joj pJepuels - pJepuels 3G (g€)

<A3191%03 §O 213S(J49I0BJRYD YT JO} 92°(92 ¥iJ 0% AG paleInBay spunodwod jejaw Joj SpJepuels - pJepuels J1  (2)
"paxiw sem yd3eq udym ajeq (|)

SN SN Sl TR EECTTEN VR €1 COTENS RECET) 21 oLl ' Hd
SN SN 00£°L- WN 16~ N oog’tL- VN £9- VN 12- VN apiusi) “uauy
SN ] 8l N £l N st N 2 VN si WN spiuel3 1e30]
U 000°S ro‘s> [ o's> | rno°s> 0°%> rMo‘s> 0°S> rno-s> 0's> | rnots> o' JoA1LS
SN 0001 005> [o00> | o0'0% 0°0s> 0°05> 0°0%> 0°0s> 0°0S> 0°€S 0°09 uniua)es |
(713 SN 002> | 002> | 0°02> 0°02> 0°02> 0°02> 0°02> 0°02> | 0°02> 0°02> 12424N =
SN 002 2°0> 20> 2°0> 2’0 20 2°0> zo> 2T0> 20> 20> AdndJsn |l
SN SN 651 VN 921 WN T N 291 N 82 N un sauey ~
0is 000°S oog> [ ooe> | o°og> 0°o0g> 0 og> 0°0s> 0°0£> o'os> | o'0f> 0°0g> peal b
SN SN 0°£2 N 0°02> WN 0°02> WN 0'02> N 0°02> N uod|
002°S 000'S 882 02g e (73 00¢ oYs si2 092 192 082 InTwoIy3
SN SN WN [T N N N N N WN N N un}1ey
9 000°1 ¢'s> 0's> 0'S> 0's> 0°s> 0°%> 0°5> 0's> 0's> 0°s> un {uped
SN 000001 £8¢ o019 Lis 092 69 0v9 165 008 89S 02l un}Jeg m
SN 000'S (7]} 06 901 070> 7 oLl S0l 0°02> 0°28 0°02> Jjuas.ly .m
SN SN 0sYy N 0822 VN 0808 N oge2 VN 00051 N wnu Ny m -
- Aeage | AsaL | Avagz | AsaZ | Aeasez | A®a . Asg g2 | Aea 2 | Aeq g2 Asq 2 VT mmm
(£)paepumys | (2)psspueis (126/51 /72 (126/51/2 1)26/5172 (L)es/50/2 (1)26/51/2 M Mvm.
an a S ynes ¥ yoes € yoreg 2 paes i yoied 8
1/30) 4131 2 mm
HSVATS ONV ‘1NZW3D ‘I I
171S GNV ¥31VR 2202 GNOd mmm
vi-§€ I8vL =
1}

o ol i o > wn wm om om B e e e o wm om wle



*UOLIEP|1BA BIEP BULJINP PaUIWISIaP W) UOLII319p PaIBA3)d SIU3SaJdad anjepA  °*pajoAILep 0N - N
_ plepuels oN - SN

*6004 Pue ‘2004 ‘9004 4o} §92 ¥4D 0¥ AQ paieInBas spunoduod jelaw 4O paepuels - pJepuels ¥A1 (f)

*A3131X03 O D13S1J330048YD Y3 JOj H2°|92 ¥dd 0% Aq p1eInBa. spunoduwod jejBw Jos spaepuels - pJepuels a1 (2)
*paxiw seMm yojeq uaym ajeq (|)

SN R BT 71290113075 T 712 0043005 N 7120 00L%0%Y %358 19301
] SN WN 1/1d 002> VN 1/12d 002> N 1/19d 002> eydv 18301
SN SN £l 9Ll £l €1l STl 7Ll Hd
__ SN SN 0l6- 000°€- oze- 0s- 021- 056- spiueiy -uauy
__ SN SN 9 6l 7l 2l 2> 8l spiuefy 18301
' F7] 000°S 0°s> 0°s> 0°S> 0> 0°s> 0°s> J9A11S
SN 000°1 0°05> 0°05> 005> 005> 005> 005> un{u3)as
02 SN 0°02> 0°02> 0°02> 0-02> 0°02> 0°02> 19A91N
SN 002 20> 20> 20> 270> 20> 270> KindJoW "
] SN ) nést ) nsez 0°26 L6t un| saubew h
000'S 0°0g> 0°0g> 009> 070> 0°0g> 00> pea7
SN 0°02> n0°8s 0°02> 0> 0°€¢g 102 uoJ]
000°S 272 3] 7] 73 see 152 un{woJyJ
SN o0 X 18°1 oL X't [gou x| gouxert ool Xy [ gL X 9201 uniajey -
00071 ' 0°5> 0 0°s> 0's> 0°5> un jupey - m
0007001 165 L9 299 559 299 629 unyJseg H
000'S 0°16 0°02> 0°06 070> 0°02> 0°02> djUaslyY m -
SN 081y 092§ oL 09s€ 0052 0v82 unu juny Mm m
A% 92 Aeq 2 | Aed &2 Aeq 2 Aeq g2 W Aeq 2 a3 Kyouy wmm
ﬁﬂﬂ_ﬁam @Euﬂniz (1)26/9/9 (1)26/9/y (1)26/9/y b T
8 yaes 1 yaes 9 yaes L]
- - (/o dm1_ mm m
HSVAT GV ‘INZNED ‘I 2
111S OGNV ¥31WVR 2202 GNOd mm m

8l-£ N8Vl



p312afay - ¥

pajewiis3 -
pazAeuy 10N - WN
pJepueis oN - SN

*6004 Pus ‘2004 ‘9004 403 892 ¥4D 0% Aq paje|nbas spunodwod ejaw Joj paepuels - pJepuels ¥a1 (€)

*A3191X03 30 I135|JaIJRJBYD Y3 JO} ¥2°|92 ¥4D 0% AQ paienbad spunodwod @33 Joj SPJepuslS - pJepuels J1  (2)
‘poxiw seM ydrleq udym 3eqg (L)

= SN SN WN 1/1d 001301S WN 1/12d 001%095 WN 1/12d 001%0SY ®39g SS049 =
= SN SN VN 1/12d 002> YN 1/12d 002> VN 1/12d 002> ayd\y sso.g =
SN SN 9L 2”1l 9Ll 91l €11 S'il nd =
SN SN ¥ 002°2- ] 000°2- Y 002'2- apiusAl *uawy
SN SN 8l 7] re 9 roz 9l spiuel) je30)
U 000°'S 0°s> 0's 0°s> 0°S> 0°s> oS> T
SN 0001 0°0s> 005> o' 0°0$> 0"l 0°05> un{ua)as
ozg SN 0°02> 0°02> 0°02> 0°02> 0°02> 0°02> 131N
SN 002 2o 2°0> 2°o> 2°0> 2°0> 2°0> Kin3JoW
SN SN €02 91 02 ssl 652 UL unysaube T
[T%3 000'S 0°SE 0°0¢> 0° 05> 0°0£> ~0°0%> 0-0g> pea "
SN SN 0°02> 0°02> 0°02> 0°02> 0°02> 0°02> uoJy
002”s 000'S FX73 £92 812 ¥ e 861 uniwoJyy
SN 0L X 6271 g0t X 1271 g0k X 871 oo X 6971 g0b X 6271 0L X 1871 uniayed
000t 05> 0% 0% 0% 0°5> 0% unjupe || m
000001 59 £ 8sS 82, 209 808 unjJeg T
000"S 601 1€l osL 0°02> ozl 070> J1ussly m
SN 066€ OLiE oLog 0sY1 0622 0881 wnu Ny ﬁ ~ B m
T ~A8q 92 Aeq 2 A2q 92 Aeq £ Aeq g2 Zeq 2 s jeuy EE =
(g)prepumls | (2)piepuels 1)26/¢/9 (1)e6/e/y (1)es/e/y m M m
aaql i ] LL yaes 0L Yo3es 6 Wies .M w >
- (/9n) 411 T
HSVATS ONV “ININID ‘W1 Re
111S GNV ¥31VA 2202 ONOJ ek
aL-€ 318VL 3 mm



6004 PUS ‘2004 ‘9004 40) 892 84D 0% Aq Paie)nbaJ spunoduod 1Bl Joj pJepuel§ -
*A3j21%03 JO I}ISLIAIIRIEYD IYI Joy 927192 ¥4D 0% AQ pa1enBal spunodwod 1833w Joj SPIpURIS -
“paxiw seM y218q uayn aea (1)

pazAieuy 0K - WN
pJepuRls ON - SN

pJepuels ¥01 ()
psepusys 21 (2)

] SN w 17124 0113009> 7] /154 00L¥02S (7] 1/15d 0413069 (7] 1/12d 06%0LYy 7 /124 00L¥0.2S 813g $5049
SN SN wN 1/1d 002> [T 1/yd 002> [T 1/12d 002> N 1/10d 002> [7] 1/1d 002> eyd)y $5049
SN 7] Th 6°0} L S0l 2l o'l €L 9°0) £11 8°0b wd
SN SN 0081 - 0041 0S2- 002- 018- 9y- 0064 - 082- 6l- 00L°L- pLued) ‘uauwy
SN SN [ FIE 6b 8l 9l P 8L 2> [£ [ E SRR
7 000°S 0°s> 0's> o' 0°S> 0°s> 0'$ 0°$> 0's 0°s> 0°S> J3A1LS
SN 00L's 0°0S> 0°0S> 0°0S> 0°0$> 0°96 0°05> 0°%$ 005> 0'29 0°05> wnjuaes
[T3 SN 0°02> 0'02> 0°02> 0°02> 0°02> 002> 0°02> 0°02> 0°02> 0°02> 19321N
SN 002 20> 2°0> 20 P 20> 2'0> 2°0> 2°0> 20> 2°0> Kindaem
] SN 951 P 691 9Ll 2 291 194 [ 651 12 unjsauben
ols 000°S 0°0£> 0°0§>. 0°0£> 695 0°0£> 0°0s> 0'0g> o°0g> 0°0£> 0°0£> peal
SN SH 0°02> 0°02> 0702> 0SS 0°02> 0°22 0°02 0°02> 0°02> o uod{
002§ 000" 602 92 8 61 [ 91 8yl vl Sk 8El unjuodyd
SN SN g0b ¥ 99°1 g0t X 99°1 o0 X S9°4 0L X 99°1 o0 ¥ £9°1 g0t ¥ 6571 Ot X280 [ 0L X 62"t | o0L X 274 o0 X €271 unj2je3
9 000"t 0's> 0°$> 0°s> 0's> 0°$> 0°$> 0°s> 0°S> 0's> 0'S - upe)
SN 000°00L 12 659 y0S 0s9 809 JE] [¥7] 199 159 (7] unyJeg
SN 000" 6EL 0°28 0°08 0°08 211 0'0l> 02t 0°0.> 0°66 0°02> djUasIY
SN N 0£59 06SE 098S 082€ []¥13 o8l 0682 0502 0siz 0zgl unujuny
Aeg 92 Asq 2 Ama g2 Ty Avq 92 Asg 2 Asg g2 Ang 2 Avg g2 Asq 2 Aoy
(©pspums | ()psepunys 126727y Ws/e/n 1)es/2/y 126727y 1 )esrely
7 a 9L PIve S1 PIng ¥l yIvg £l yoIve 21 pIva
i/30) 41t

NSVATY QMY “LNIMED ‘MY
1T1S GV 331 2202 GNOd
ai-§¢ IVl

3-5

Deliverable (Combined) 235A and 2358

POND 207C AND CLARIFIER
TREATABILITY STUDY REPORT



pazAjeuy 30N - YN

pJepuels oN - SN

"6004 Pue ‘2004 ‘9004 403 892 YD 0y Aq p31enBaJ spunoduod jejaw Joj pJepuels - pJepuels ¥a1 (€)
*A1101X03 4O J11S1J9I2BIBYD Y} JO} %2°192 ¥4D 0% Aq paiejnbad spunoduwod je3aw Joj splepuels - pJepuels a1 (2)
"poxiw seMm yoieq uaym aieq (|)

ined) Z35A and 2358

I sv SN N 7124 001300 7] 7129 00L¥009 @398 55049 ||
SN SN N 1/1d 06> N /1d 002> eyd)v ssotg
SN SN LTl 90l T v ol wd
SN SN 0091 - 002°2- 0021 - 0sY- sptuek) uduy
SN SN 02 2l 9l 61 spiueky 18301
2 000'S 0°s> 0°S> 0°S> 0°c> JOAY LS
SN 002°S 0°6S IS 0°9l 0°05> wniuajas
02€ ] 0°02> 0°02> 0°02> 0°02> 19A2IN
__ SN 002 z°0 20> 20> 20> Y STENET
| SN SN 091 191 £91 251 wn{sauben
0iS 000°S 0°0g> 0°0£> 0°0g> 0°0s> peal
SN SN 0°02> 0°02> 0°02> 0°02> uo.]
002’s 000" 961 ¥ 261 602 oI
SN SN g0b X 2971 g0L X 2971 g0l X 69°L g0l X ¥9°1 un}s1ey
99 0001 0's> 0°S> 0> 0's> unjuped
SN 000°001 €2 v€9 £8Y L6S uniJeg
SN 00075 0°86 (] 91 070> EJIETN
SN SN 0902 09€€ oLy 06€¢€ unuuny
f Aeg g2 Aeq 2 Aeq g2 Aeg 2 alkjeuy l
()pepueys | (2)peepuess (L)26/e/y (1)26/2/y
S )] n 8L yoles 21 e
/o) 411

HSVATd ONY “1INJW3D ‘I
171S OGNV ¥31vn 2202 GNOd
Ji-¢ 38Vl

Deliverable (Comb
POND 207C AND CLARIFIER
TREATABILITY STUDY REPORT



paidafay - ¥
pajewiisy - [
pazAjeuy 10N - WN
pJepueis ON - SN

*6004 pue ‘2004 ‘9004 40} §92 ¥4 0% Aq pajeinBaJ spunodiod jelaw Joj piepuels - pJepuels 361 (g)
“A3191%03 §0 D13S14931984BYI YL JO4 92°192 ¥4 0% AQ paieinbad spunodwod jelaw Joj Splepuels - pJepuels 31 (2)

S— *paxiw seM yojeq uaym aleg (|
SN SN N V/1od o.:|xmm|.ﬁ|4. 1/12d 0013065 N 1/12d 0113095 ®32g $50.49
SN SN WN 1/1d 002> WN 1/1d 002> wN 1/12d 002> eydly ssoJp
SN SN €1l g il €1l £l Ty Hd
SN SN ] 000°S- 4 008’1- ] 00%°1L- spiueA) -uawy
__ sh SN Fiz n rav 2 TSt @ | eprueko jesel |
__ 7] 000°s 0°s> 0°%> 0°s> 0°%> 0°%> 0°S> EOTH ——
| SN 0001 (7] 65 0°0s> 00> 0°2S . 0°06> uniuayas
o0z¢ SN - 0'02> 0°02> 0°02> 005> 0°02> 0°02> 141N ~
SN 002 20> P 2'0> P 20> 20> AundJaN ™
SN SN 8l 651 01 6SL 12 01 unisaubey
oS 000'S 0° 05> 0°0¢> 0" €€ 0°0¢> 0°0£> 0° 0> peal
SN SN 0°02> 0°02> 0°02> 0°02> 02y 0°02 uoJ|
002'S 000°S e g2 373 12 852 12 IR __ .
SN SN o0b X 69°1 o0t X 9971 Q0L X 271 g0b X €971 o0b X 8271 oOb X &2°1 unioyed __ m
99 0001 0°S> 0°s> 0°s> 0% oS> 0°s> un tupe) 3
SN 000001 2y 29 159 965 95 429 uniJeg __ m -
SN 000’ sgl 20l Sl 0°02> oL 0702 d1ussy __ MMm
SN SN 0929 009¢ 0£LS oslE 088Y 0892 unu Ny _ m m m
Aeg g2 Aeaz | Aawsz | A0l Aeq g2 Aeg 2 a3kjouy g
(g)psspuers | (2)psepuels 126757y (1)26/5/y (1)26/5/y ‘ m g m
a0 a 12 Yreg 02 e 61 yoles g8
(/oM d101 3 m m
HSVATS GNV ‘ININID ‘I &

171S OGNV ¥31VR 202 GNOd
d1-¢£ 378Vl



syl

*A3191%03 40 21381J3308J8Y2 Y JOJ 2|92 ¥iD 0y AQ paie)nbas spunodwod )BIBW JOj spJepuels - pJepuels 31 (2) -

paioafoy - ¥
palewtysy -
pazAjeuy 30N - WN
pJepuels oN - SN

"elep ay) Buiien)eAs uaym paJapisuod aq pinoys
*ayids xiJlew e se pazAjeus sem ajdues siyl (¥)
*6004 pue ‘2004 ‘9004 JO} 892 ¥4 0y AQ paieinbBaJ spunodwod 1833w JOJ paepuels - pJepuels 3@l (g)

"A2UDJRSISIUY XLdiew e JO IDUISIID Ayl SIJWIIPUL YOLYM ¥1°02 SEM IYids ayl jo AssAcddy

‘pox 1w sem yojeq uaym ajeq ({)

SN ] 7] 7159 024302 W | V1od onsos || W 712d 0017009 o398 ssod ||
SN SN N /1M 002> N 1/1d 002> N 1/td 002> sydyy ssoJy
SN SN P [y 21l 21l T ¥l Hd
SN SN ] - 0l9- ] 009¢- 3 00l2- apiued) “uauwy
SN SN Feyy2e 2l rotl £l ) 61 apiued3 jelol
7] 0007S 0'S> 0°s> 0°S> 0°5> 0's> 0°s> J3AYLS
SN 00071 0°05> 005> 0°28 0°0s> 0°05> 0°0S> [CTTES
o2 SN 0°02> 0°02> 0°02> 0°02> 0°02> 0 02> 1IN
SN cow, . 2'0> 20 20> 2'0> 20> 20> Aanoaay
SN SN sl 68l 0si sSi 8l 78l un| saubey
01S 0005 0°08> 0°99 0°o> 712 0°05> 0°0g> pea] __ M
SN SN 070> 0°g2 0°02> 0°02> 0'02> 0°1€ uoJ __
002°S 000°S SIE olg 882 90¢ %33 S22 unwouy) __
SN SN o0 X 2571 g0k X ¥5°1 g0l X 271 g0b X ¥9°1 QoL X &'t [ golxal unya1ey
99 000”1 0°%> 0> 0's> 0°%> 0's> 05> un jupeg
SN 000001 9Ly %2S 11y 205 Sy 69 uniJeg m
SN 000°s 281 8l 951 0z sl 0°16 djussuy t
SN SN 0si8 0209 ovgY 0% 00LS 090 wnuun |y m -
B Zeq 82 Aeq 2 | Aea g2 ..m Aeq 2 2q g2 Aeq 1 e | )mm
(Dpsepms | (2psepues Waslely 6/l (2e/sry e
a0 a1 2 yaeg £2 pIeg z2 yoieg mmm
(179 4l umn
HSVATS GNV “INBED “IWIT L1IS GNV ¥3LVM 2202 GNOd 3 3
91-¢ 318VL gRE
88



*pa3eplieA 33A J0u 34nd Aep-gz Joj eleq IIOM
pajoefay - ¥
*pa3dalap 0N - N
pazAjeuy 30N - VN
. pJepuels oN - SN
*6004 PUe ‘2004 ‘9004 404 892 ¥4d 0% AQ psieinBau spunodwod jBjaw JOJ pJEpuels - PJEPUBLS YO (€)

~A3191%03 JO 211514939048YD SY3 JO} H2°19Z ¥iD 0% AQ PareInbas spunodwod 1e3aw J4oj spJepuels - psepues 1 (2)
‘paxiw seM yojeq uaym ajeq (1)

*U0|3EP} JBA BB BULJNP PIUNISISP I L] UOLIINIIP PIIBAR)D SIudsaJdad anjep

W SN SN WN 108 020 | N | /109 0113029 W 7120 0013009 5398 55019
SN SN WN 1/1d 002> wN 1/1d 002> WN 1/1d 002> syd1v §s0J9
SN SN CHY 944 LY} s°itl €t 911 Hd
SN SN 0052- 0019- 018- 0069- 0l1- 00.2€- spiuely uauwy
SN SN 0021 0oLl 0021 00zl S'2L> 8¢ sptueA3 jelol
F7) 000°S 0°s> ] 0°%> ] 0°6> ] JaAis
SN 00071 0°02> 001 : 070> 0°29 070> 0°1S unius)es
02 SN 0°02> 0°02> 0°02> 0°02> 0°02> 0°02> 194IIN
SN 002 0°02> 02°0> 0°02> 02°0> 02°0> 02°0> AInoJaK m
SN SN 92 892 62€ 092 oi2 noLL un{ saubey
oiS 000'S 0-0s> 0°0¢> 008> 0°0§> 0°0£> 0°05> peal
SN SN 0°02> 0°92 0°02 0°02 0°02> 0°6€ uoJ|
002's 000°S 00l 6L 0°8S 0°9L 8.l £ WN {044
SN SN 0L X S6°1 0L X 0°2 o0 X 261 g0t X 2671 Q0L X 9271 QoL X 1271 unto1e) m
9 0001 0% 0% 0% 0°%> S 0°%> unjupe) 3
SN 0007001 0921 0821 656 o0l oy 025 uniJeg m ~
SN - 000'S 0’ 08> 8L 0°26 9l 0°08> 0°6L d1uasuy o m
SN SN e o2s 972 %62 006€ 0081 wnu lun)y m =,
k Awd g2 Aeq 2 Aeg g2 Aeg Aeg g2 Aeq 2 alkjeuy MMm
(ppsspmas | (2)paepuels (12675175 26/5i7s (26/517s <3
¥ al 12 Pieg 92 Y3 2 yaeg m mm
(1/on) 4L ok
HSVATd GNV “1N3MID ‘WIT LIS OGNV ¥31vA 2/02 GNOd umm
Hi-€ 318V



paloafay -

pajeuyasy -
pazAjeuy JoN - VN
pJsepuels oN - SN
_ *6004 Pue ‘2004 ‘9004 404 §92 ¥4D 0% Aq paieinBaJ spunodwod 1833 JO4 pJepuels - pJepuels ¥d1  (§)
*A3101%03) JO 21381493984RYD BYI JOJ 92°192 ¥4D 0% Aq paiejnbad Spunodiwod jejaW JO4 SPJEPUBlS - pJepuels J1 (2)
‘PaXlW SBM yojeq udym a3eq (1)

"Paiepi1BA 334 j0u 3J4nd Aep g2 JOj eIRQ SI1OM
]
r

SN SN —WN | /12 02170 T 7129 0117029 N 7124 0013009 2398 55019
SN SN VN 1/1d 002> wN 1/12d oo2> WN 17194 002> eyd)y ssoJg
SN SN 3 S iy 9°11 sS4l il Sl hd __
SN SN 08%- 00S¢ - 0081 - 0081 - 096- 002~ apiueky -uawy __
SN SN 00L} 0004 09¢ 000} Sl Ll apiuedy je3o) __
u 000°S 0% ] 0°S> ¥ 0°S> v ] NESTH
SN 0001 0°02> 62l 0°0> il 0°0> 0°SS unfuayas
_T 0z SN 0°02> 0°02> 0°02> 0°s€ 0°02> 0°02> 1949IN
SN 002 02°0> 02°0> 02°0> 0z"0> 02°0> 02°0> taeoj_
__ SN SN e 313 2 g€ 0zl ) un} saubey m_w
0L 000’5 0° 05> 005> 0° 08> 005> 0°0g> 0°0¢> peal o
SN SN 0°02> 0°9¢ 0°02> 0°02> 0°02> 0°6Y uoJ]
002’s 000'S 019 0°1L 0°9¢€ 0°s8 séL 202 un {wo.Jy)
SN SN g0 X $8°1 g0t ¥ 86°1 g0t X 09°1 g0l X %671 QoL X 2271 o0 X 65°1 uni2yel
99 0001 0°s> 0°s> 0°S 0's> 0°%> . 0% un{wpeg m
SN 000700} 9011 0601 798 rozil 0% 1529 un}Jeg m
SN 000°S 2ol o.& 0" o> 0°88 0°06 601 o_cum._i_ m _
SN SN 992 V13 919 06§ oLoY 0992 ..sc.___sj N m
T Aeq g2 Aeq 2 Aeq gz Aeq 2 Aeq gz Aeq 2 21kjeuy m & .
(S)psepumas | (2)piepueys (12675175 (1)26/54/5 (L)es/sL/s m m m
¥al a 0f Yoreg 62 yIeg 82 Yieg umn
(/9n) 4131 1L
HSVAT GV “INIM3D ‘INIT 11IS GNV ¥31VA 2202 ONOd mmm
13-€ eVl 2
1



pazAjeuy 10N - VN
pJepuels oN - SN

“6004 PUR ‘2004 ‘9004 403 892 ¥4D OY AQ PoIBINBaL SPUNOAWOD 833U JO PJEPUBIS - PIEPUBIS ¥AT (E)
*A3191%03 40 9135|J330BJBYD Y3 JOJ 92°192 WD 0Y AQ P3ieIn6aJs Spunoduod |eIaW JOy SPJEPURIS - pJepuels 1 (2)

"paxi seM yajeq usym s3edq (|
SN SN N [ 1/12d ool30sE | N /159 001300€ N 1/vod 06%082 398 5049
SN SN WN 1/15d 002> WN V1 002> UN 1/12d 002> sydy ssoun
SN SN 670l 0°tlL 171 [y 0Ly 2'LL Hd
SN SN o%l- 00£’L- ozt- 098- 09t - 0l5- . aplued) ‘usuy
SN "~ SN Y €€ ” e ve 02 apiueA) jejoy
7] 000°S 0°$> 0o 0% 0's> 0°s> 0°%> J9A11S
SN 002°s 0°0S> 0°0s> . 0°0$> 0°05> 0°05> 0°05> uniua)as
02f SN 0°02> 0°02> 0°02> 0°02> 0°02> 0°02> - 144N
SN 002 P 0> P 20 0 270 f SENET m
SN SN £82 0se2 g2 622 252 891 un | saubey o
oLs 000°S 0°0£> 0°0g> 008> 0°0g> 0'0g> 005> . peay
SN SN 0°02> 012 ~ 0°02> 0'02> 0°02> 0°92 uoJ|
0027 000'S 91 261 281 S8l LSt 8L T
| SN SN o0b X 6£°1 o0b X §°1 0L X £9°1 o0l X ¥6°1 OL X et | g0l x89%L unia1e) m
99 000’1t 0°%> 0's> 0's> 0's 0's> 0°s> wntuped m
SN 000001 7] 98 605 0% L£S £09 unjJeg
SN 000'S 0°26 90l 01 0°02> 0°06 0°v8 d1ussJy .m, B m
SN SN 065€ 08’y 0285 08£’€ 09%5 002°2 wnu jun1y m = =
[ Aeg g2 Aeg Aeq g2 Aeq 2 Aeg gz Aeg 2 a3Aeuy mmm
()psspumis | (2)psspuels (1)26/1L/Y (1)26/1/% (1)26/1/Y Mm E
aa a o€ yoed 32 yoleg 3l e .mmu
(1/90) 4131 2 2
HSVAT ONV “IN3W3D “IWIT mmm

FIANTS YITJIYVID OGNV AWINTS 3202
vZ-¢ vl



*A3491%03 JO 2}ISJIBIIMIBYD 3y} Joj 92°192 ¥4J 09 Ag paienBay spunodwo3 je3am 4

“UDJIBP}1EA BIBP BULINP PIUJULIIP J{WL) UOEIIIIP PIIBAS|I SIUSSIIda anjeA  "PIIIAIAQY 0N - N

piepuels ON - SN

*6003 PU® ‘2004 9004 404 892 ¥4D 0% Aq paiwnbads spunoduwiod 1933w o) PJBpUBLS - PJBPURIS ¥GT (f)

0§ SPJUPURIS - PJEPURIS D1 (2)
-paxXiw SOM yO18q Uaym 218G (1)

390018 WIALITWVTD GNV ANINTS 2202

82-£ 31Vl

1/1d /3 id vid
SN SN W oLI¥0%L (L] W1d 0115009 1] 0013085 N 0013029 N 001302 9338 55049
] SN N /14 002> wN 1/1%d 002> (7] 1714 ooz> N /124 002> N 714 002> eyd)y $5049
SN SN 1oLl 0t Y oLl (4T (g T 0'L) £ Y wd
] SN 0051~ 00§t~ ao6i- o0g’2- 002 - 0.5- 0002~ 0011~ 0% oyl- SpLueA) udly
SN SN 13 9l 0z £l 18 i 21 €1 25 2 apiuely 19301
U 000'S 0's> 0's 'S 0°S> 0's 0's 0°s> 0'S> 0'g> 0's> FETNTTY
SN 000 L 005> 0°05> 0°05> 0°0$> 0° 08> 0°09 0°05> 0'05> 0°05> 0°0S> unjud1as
028 SN 0°02> 0°02> 0°02> 0°02> 002> 0°02> 0°02> 002> 0°02> 0°02> BRI
] 002 20> XS 20> 20 2’0 20> 0 2°0> 20> 0 LNLEXET
] SN 5t ngél 291 nEsk "9l nigs 1] nzoz s21 [173 unisauben
0iS 000°S 005> 008> 008> 00 008> 0°0£> 0°0F> 0°08> 0°05> 0°0f> peal
SN SN 0°02> 0°02> 204 0°02> 0°02> 0°02> 0°02> n0°SY 0°02> | moz uod]
002’s 000'S 612 861 252 e 7] 102 %] 602 22 373 wnjwoJy)
SN ] SOt X 8971 g0l X S°1 0L X €271 Q0L X 6571 gOb X 8271 g0t X 2871 o0l ¥ 6271 gOb X 5971 gob ¥ T g0t X 69°1 wnj21e3
99 0001 (3 0°$ 0°s> 0's> (R332 0'S> 0°S> 0°5> 0% 0's N {wps)
SN 0007001 0lS 249 929 095 285 289 ££S 665 <29 ¥8S unjJeq
SN 000'S 0°96 0" 02> 0°16 070> 9Ll 0°02> 0 1L 0°02> 0°02> 0°.8 Jjuassy
SN ] 0425 0.9 02sYy 0199 08.Y 025" 0109 oYL (773 025 unujuny
) @ Aeo Aea 2 a2 a2 Ava 92 Ava ¢ Ava g2 42q 2 4eq &2 4w 2 ey
piopumas | puspuns 12679/ (1)26/9/Y (1)26/9/y (1)26/9/y 1)26/9/%
xa n % PIes AU PIvg 2 Py 35 ey © 2y PIsg
1/9n) 411
BSVATd GV ‘1N "I

3-12

rable (Combined) 235A and 2358
POND 207C AND CLARIFIER
TREATABILITY STUDY REPORT

Deli



*uCLIBPL]EA B18P BUlJINP PaUlWIAIIP Jlwi] UO1IIIIBP PIEAI]D s3uasaudal anjep

‘6004 PUB ‘2004 ‘9004 404 892 ¥4l 0% A
*A3191%03 JO I135149308J8YD Y} 404 927192 ¥4D 0%

Deliverable (Combined) 235A and 235
207C AND CLARIFIER

3-13

TREATABILITY STUDY REPORT

‘an)EA parew)Isy - T

“PajoRg ION - N
pazAeUY 0N - WN

pdBpUslS ON - SN

*paxiw SeM Yoy

q paje)nbas spunocwod jelaw J0j plepuels - paepuels 361 (%)
Aq pae|nbad spunodiod 18I JO4 pJepuels - pJepuels J1  (€)
©} 03 | 0 01314 ySeA)j 03 Juswad @ sey 6 ydnes (2)

uayn ajeq (|

] SN [ /14 0113092 (7] /1R 0113029 N /4 0113098 WN /10 001306y WN 1/12d 001%0£Y wN 1/12d 0L1%082 ©leg 5019
] SN [T] 1/12d 002> WN /14 g02> N 1/10d 002> WN 1/10d 002> N 1/1d 002> [T 1/12d 002> ayd|v ss5049
SN SN [§F 7! 172l 22 (ST 12zl 12 ivel (57! 12 1°2l 91l [HY Hd
SN SN 00Z- 009'2- 005§ - 008"1- 00Y1- 009°1- 00L)- ooL‘2- 001€- olt- 0051~ 0091 - opiuek) -uauwy
SN SN e 02 [3 0z [T 9l 92 st 8l 7! (73 [ sptued) jeioy
2 000'S 0°s> 0°% 0°% 0°%> 0°'s> 0°5> 0's> 0°S> 0's> 0% 0°%> 0°s> ENTH
SN 000°1 0°02> 0°05> 0°05> 0°05> 005> 0°05> 0°0$> 0°08> 0°'05> 0°05> 0°05> ¢ 05> niuR)as
[T13 SN RS 0°02> 0°02> 0°02> 0°02> 0°02> 0°02> 002> 0°02> 0°02> 0°02> 0°02> 19421N
SN 002 2’0 70> 20> 20> 20> 20> 2'0> 270> 20> 20> 2°0> 0 LNTENET
SN SN 01y nSoL 0°8Y ngol 0°6Y no* %8 0Ly il 60y ngLl 0°29 nest un} ssubey
08 000°s 0°0£> 0°0g> 0'0g> 0°og> 0°0g> 0°0¢> 0°0§> 0°0%> 0° 08> 0°0§> 0° 05> 005> pea’y
SN SN 0°02> 0°02 0'02> 0°02 0°'02> 0°02> 0°02> no*se 0°62 n0°88 0°02> no'22 uoJ|
- 002'S 000°S 952 sis [T [153 261 952 szl 202 FI 1) 991 v02 wn {wo.y)
SN SN Q0 X 9172 Q0L X €671 g0t X S1°2 Q0L X 9671 S0l ¥ 6172 g0b X 68°1 Q0 X £1°2 g0b X 671 JIENTEH QoL ¥ 10z Q0L X 1971 oL ¥ §7i2 wn{218)
99 000°4 0°%> 05> 0" 0's> $°0> 0> 0% 0°$> 0°s> 0% 0°s> 0’ un |upe)
SN 000°001 96 182 noot L 226 0054 966 0661 0v2L 0022 o08il rolgi 292 un|.Jeg
SN 000°S 0zl 0°0> £l 0°02> 0°08 0°1L 0°66 0°02> 0'02> 0'0/> 0°02> 0°0L> JuasIy
SN SN 0°02> no"z2 0°02> no-2y 0°02> 3 0'02> no"LY 0°S2 no" 65 896 0051 wnutuny
) 03 Aea w Aea L Ava 52 4ea 4 4Asa g2 Aeg 2 Aeq g2 Aeq 2 Aeq g2 Aeg 2 Aeg g2 Aeg 2 akieuy
popms | piepues 1)26/9/% (126797 (L)26/9/% (1)26/97y (1)26/97% 2)(1)26/9/y
7] aan %1 Paeg AL PIes 321 e M1 YIes 201 Y 26 Y388
1/30) 411

INID GV M1
290N1S ¥IT4IWVID OGNV ABUMIS 2202
R-£ 3L



HSVATS OGNV “1N3NTD “3INIT
IVAMIS WIALJIAVID OGNV ANINTS 2202 QNOd

az-¢ 318vi

SN T sN | W | /12 ozionz N V123 oLL%029 W] /129 00009 5398 55009
SN SN N 1/vd 002> WN 1/1d 002> VN 1/71d 002> eydiy ssou
SN SN il €Ll Sl 91l g €1l Kd
SN SN 00.1- 0042- 00S1- 00%2- 0001 - 00€1- spLueA) -uawy
. SN SN 29 0011 £ 28 %2 82 spiueA) je30)
= 7] 000°S 0% ] 0°s> i 0°5> M 19A11S
__ SN 000’1 0°02> 0°8 0°0.> 0°0S> 0°0> 09 unua1as
__ 0z2¢ SN 0°02> 0°%2 0°02> 0°0% 0°02> 0°02> 1940LN
SN 002 02°0> 02°0> 02°0> 02°0> 02°0> 02°0> P NLENET
SN SN c62 98 62 82 20¢ 181 unjsaubew
oLs 000°S 005> 0°0g> 0°0£> 0°0£> 0°0g> 0°0g> peal
SN SN 0°02> 0°02> 0°02> 0°02> 0°02> 0°02> uod]
002’s 000’ 0°0S 0°66 0°0% 0°%6 %61 88l © wnjwoJyy
SN SN o0l X €271 g0 X 072 g 0L X 6971 o0l X €671 0L X 08°1 g0t X 6271 unidje)
99 000°L 0° 0's> 0°S> 0°%> 0°S> 0's> wn {uped
SN 0007001 218 092 988 e £2y 1£9 un}Jeq
SN 000" 0°08> 0L 0°08> oLt 0°08> 0°02> J1uasyy
SN SN T3 s 90¢€ nsol og2Z 089¢ wnujuny
| ko Aeg 2 Aeg g2 Aeq Asq g2 Asg 2 akjeuy
(£)paepumas | (2)paepues (1)26/5175 (1)26/51L/s (1)26/51/5
1] a AL yes 91 Yades ]
1/9n) 411

3-14

Deliverable (Combined) 235A and 2358
POND 207C AND CLARIFIER
TREATABILITY STUDY REPORT



3-15

*pa3Bpl1BA 334 30U AUNI Aep-§2 Joj BIEQ ZILON

peydafay - ¥

*uol3Bpl)eA B3ep BulJnp paulWJalap Jlwi] UOL}J3IBP PIIRAID S$JUasSaJIdad anjep °pRIdAIP JON - N
pazAjeuy 10N - WN

paepusils ON - SN

*6004 pue ‘2004 ‘9004 404 892 ¥id 0% Aq perenbau spunodwod jejaw Joj pJepuels - pJepuels ¥l (£)

<A3191X03 §0 S11SiJa3dedeyd YY) 4O %2°192 ¥4D 09 AQ pajeInBas spunodwod jeldw JO§ SPJBpUBIS - PJaepuels Ji (2)
‘paxiw seMm yojeq uaym Ieq (L)

Deliverable (Combined) 235A and 2358
POND 207C AND CLARIFIER
TREATABILITY STUDY REPORT

OonlL 39vd
1/9n) 4101

HSVATd GNV “ININID ‘W17 LIS GNV ¥31VA 202 GNOd
az-£ 318Vl



‘A3124%03 J0 3138}49308.4843 Ay3 Jos 92° 192 ¥4I 0¥ Aq paienbad spunodiios je3au J

329313p UON palewllsd - N

pazAjeuy 10N - WN
pJlepuels oN - SN

-6004 PUS 2004 ‘9004 404 892 442 O% AQ Pa1eInNBaa SpUNOAWOT J8IIW 104 PJUPUBIS - PJepueIs ¥G1 (f)

04 spJepuels - psepuels 31 (2)
"paxjw sen ydleq uayn aeg (L)

- i

0002 X31V1 GNV ‘NSVATS ‘INDED “IIT
171S NV 331V8 2202 GMOd
vs-§ 31VL

N SN 9Lt J 2 | €4k | it AT I ECET T £l FET BCET EEET KA v i 2710 J 2 | ok | nd
SN ] 02e- W ovi- 7] %2- W | 00s'i- | WA o%t- W 059- 7] 06%- N 00i- 7] 092- YW | spiueAs -uasy
] N Ty (7] It 7] 9 w | n (7] I T " 7] st 7] ) 7] 1D VN | eptusA3 19301
F7] 000'S e 1o TTwe | oo | me | 0o [ fos | os | mee | o6 |mes | 05 | mos | 005 | ros | 00 | ro's> | 0°S FETNTHS
7] 000°1 05> 05> 05> 05> 05> 0s> 0% 05> 9 05> 05> 0% 05> 0% 05> 05 05> 05> wn1u19s
03¢ ] 02> 0o 02> 0> 0> 0> 0> 02> 0> 0> 02> 02> 723 02> 02> 0> 02> 02> ET]
N 002 70 |0 | 2o | 20 70 |2 [ e |z | ¢ |20 | 20 [ o | ¢o PR PR 7o | ¢0 | 20 Kinsiom
7] N 961 7] &t 7] 7] 7] 9iE 7] vt N R W ot (T o2t W 22 7] Un{souben |
oS 000'S o> 06> 06> 05> (733 oD 05> oE> [T 05> [Ty ot> 05> 0E> 0c> 05> o> | 0°05> pean
N SN 7] 7] > 7] 29 (7] & 7] 001 7] 02> 7 2 7] 0 T | 02 T G031
002'S 0005 952 092 773 00% e (73] FIT3 022 [YE3 062 0 005 13 08¢ 562 3 192 | o082 W jwoIip
SN SN WN N N N ¥N <i._r YN N N YN ¥N WN WN N N N ¥N N ungae
99 000't 06 Jos | oe |0 | 09 |oo | os oo | o0 o | o0 [os | 0 0 | 05 | oo | 05 | 0% wnjupe3
] 000001 &7 06d 71 065 597 085 0£9 0£9 73] 059 g oi8 52y 08S 95¢ 082 995 o ey
7] 000°S 10} 0> 091 001 9 o> T ol ] 0> 8 02> | ol 18 o> 0> 00t ETY
N (] o2 7] 0559 W 0208 VN | oossr | WK 0758 7] 0£6C 7] 0259 (7] 0£02 Vi ] cost | W WU}y
) @ Anq gz |Ava s | Amagz |Asa s | Asagz [Awaz | Avagz | 4ea s | 4eaez [ Aeq 2 | Asa g2 | Ava s | Asagz | Avaz | Asa gz | Ama L | Ama gz | Asa 2 skjeuy
pispuns | puopuels z/nr (/5172 WIe/sise (26/5172 (Dze/s51/2 ae/as (2675472 (D2e/5172 (Is/5172
¥ an % PIee % piog u ey 9 ien .18 W 1y pIee 1§ pres 12 e W el
(1/sn) 411

3-16

Deliverable (Combined) 235A and 2358
POND 207C AND CLARIFIER
TREATABILITY STUDY REPORT



anjej pajewis3 -

puzAyeuy 108 - WN
plepuels oN - SN

*6004 PUB ‘2004 ‘9004 403 892 ¥id 0% AQ pd1eInbas spunodwod |elaw o pJepuels . plepuels 301 (£)
-A339(X01 JO D13S1J9I0EIBYD BYI JO) ¥2°192 ¥4 0% AQ PaleInbas spunodwod |ejaw Joj Splepuels - piepuels J1 (2)

“paxi sem yd

eq uaym ajeq (1)

0002 X31V1 GV “HSVATS ‘1NIMID ‘M1

1718 G ¥3iwn 2202
gc-¢ Evl

SN SN N /104 00L%00S N 1/12d 0013089 N 1/12d 00L30LY N 1/12d 001%029 N 1/12d 001309 ©39g 55049
SN SN WN 1/10d 002 N /1390 002 [Z] 1/1d 002 [Z] 1/12d 002> WN /134 002> eyd)y $50.49
SN SN AT 2°0L Y ) £l 8°04 011 X (YT 80l d
SN SN 00SS- 00174 0021 - 00%°L- 00£9- 0091 - 0094 - 002°1- 0081 - 002°2- apiued) ‘uauy
] SN 4 (7 2 0z €l 21> 2l q " 92 apiuely jeio)
(2] 000°S 0°S> 0°%> 0°%> 0°%> 0°$> 0's> 0°S> 0°S> 075> 0°c> J3A11S
SN 002°S 0°05> 0°0s> 0°05> 0°0%> 0°0$> 0°05> 0°09 0°0s> 0°2% 0°05> wn1u)as
o2g SN 0°02> 0°02> 0°02> 0°02> 0°02> 0°02> 0°02> 0°02> 0°02> 6°02> C 1NN
SN 002 2°0> 20> 20> 2°0> 270> 270> 270> 270> 20> 2°0> LNTENET]
SN SN vl vl 88l 91 861 294 t21 [ €91 121 wnysaubien
[1Y3 000°s 0°0s> 0°og> 0°0§> 0°0%> 0°0§> 070%> 0°0§> 0°0£> 6-0g> 0°0g> pea?
SN SN 0°02> 0°02> 0°02> 0°02> 092 0°02> 0°72 0'02> 0°s¢ 002> uod]
002°S 000’s [ i I 1£L [ 0°26 £51 37 871 9L un JwoJy3
SN SN o0b X 8271 g0t X I°1 o0b X $8°1 g0b X 691 QoL X €871 g0l X 69°4 g0b X 5971 g0k X £971 g0b X 2971 g01%09° 4 uni3je)
9 000"} 0'S> 0°$> 0°$> 0°S> 0'$> 0°s> 0°S> 0°$> 0°$> 0°%> wnupe)
SN 000’001 219 629 065 [13] <09 020t 965 999 205 £29 unyieg
SN 000§ 0°26 0°g6 0°0> 0°02> 901 0o 621 0°98 oll [ J1uassy
SN SN 0s2% 06%2 (R3] 0691 029¢ 0siL 0£Y9 0862 0929 0922 wnu )y
) @ Ara s Aza 2 4ea g2 4ea 4 4ea g2 heq 2 Aoq g2 Aeq 2 4eq g2 Aeq 2 aakjeuy
paupEls PagpuR3S 1)26/2/y Qes/2ly (1)zs/ely (L)esszery ()zs/ely
3 au 9L aes L Yies 121 yaeg L yoes 101 Y3ed
(1/90) 4101

3-17

Deliverable (Combined) 235A and 2358

POND 207C AND CLARIFIER
TREATABILITY STUDY REPORT



paidafay -

anjea pajew3ysy - P

pazAjeuy JON - WN

pJepuels ON - SN

6004 PuUB 2004 ‘9004 403 892 ¥4d 0% Aq Pd1e)nBaJ Spunoduiod Jeja JOj PJBPUE)S - PJBPUBIS ¥a1 (£)

*A3124X03 O I4IS1JDIOVIRYD IYY IO} 92° |92 ¥4I 0y Aq paieInBas spunodwod elaw Joj SpJepuels - psepuels JL  (2)
*PIXIW SeM yojeq udaym ajeq (4)

SN SN N 17454 0113009 [T 1/12d 0223018 1] /124 0113049 wN 1/1d 0113095 WN /42 001%08% €399 5049

SN SN - [7] 1/13d 00§> [7] 1/1d 002> (7] /104 002> wN 1/12d 002> [T] /16 gog> eyd)v §5049

] SN Y} i £ {1 [T 91l €11 A [T il 7] m
SN SN [] 0oLt~ ] ) 00y'€- [l 00s'2- [l 00g°g- [] 000°€- pLUBAD Uy .h.
SN SN rl [1 [F73 9% 02 61 6l 9 i 21 spjuely 19301

U 000"S 0°s> 0°%> 0°S> 0's> 075> 0's> 0> 0's> 6°5> 0°5> 13A11S

SN 000”1 0°86 0°09> . 0°0s5> 0°08> 0°0S> 0°'0$> 0'ls | 0°08> 505 0°05> U9

[I 13 SN 0'02> 0°02> 0°02> 0°02> 0°02> 0°02> 0°02> 0°02> 0°02> 0°02> NCEIT

] 002 2°0> 20 20> 20> 20> 2o 20> o 20> 0 AIndaan

SN SN 281 [T 9 95l 121 951 292 991 6l1 £91 W {SaUBaN | m

[1; 000°S 0°0£> 008> 0°0g> 008> 0°0£> 0°'0§> 0°og> 0'0§> 0°0£> 0°0£> ped)

SN SN 0°02> 0°92 002> 0°02> 0'9%2 (Y13 0°02> 0°02> 0°€2 Toro2> uoJ | .m

002’s 000" 92 992 [133 [F3 652 292 [753 622 8s2 952 un (WoJy) m -
SN SN o0l X 8271 oot X €71 SOt X 5971 g0t X 1571 OLXET | 01 X291 | 01X §678 gob X 9L71 QoL ¥ €271 o0L X 8271 uni3)e) -~ mm
99 000"1 0°$> 'S 0°S> 0's 0's> 0°s> 0's> 0% 0's 09 un {upe) M o]
SN 000001 98y 819 9 ”s 12§ £29 609 [17} (733 £59 ungJeg M M w.
SN 000"S Y01 0°16 st 0°€6 201 S8 2 %01 0°€8 0°SL 21ussIY (m @
SN SN 050§ 0682 085S 0£0Y 056 0892 020§ 0522 0999 0922 wnujun )y m g m
) @ Ao s Aeo 2 Ava 2 4ea 2 4eq g2 Aeq 2 Aeq g2 Aeg 2 Asg g2 Ang 2 a1k ouy 8 m

papms | paopuess (26/ely (126/s/y (26/5/Y (126/s/y (z6/5]y =
7] 2 WL IR 8L Yoreg Ul yIee Wi Preg 5L Yo & m m
(1/90) 4L

0002 X3LV1 OGNV ‘NSVATS “1NINID ‘W1
171S GOV ¥31wm 2202
%-£ N1



*UOL3BP)BA BIEP BULJNP PAULWIAIBP JHN|) UOLIIIIBP PaleAd)? sjuasasdas anjep  "palddlIag 0ON - N
. pazAjeuy 10N - VN
piepuels oN - SN

_ 6004 pue 2004 ‘9004 403 §92 ¥4 09 Aq paienbaJs spunoduiod jejaw JOj PIEPUEIS - paepuels ¥a1 (€)
*A3194X03 30'I|1514930048YI Y JOj 927192 ¥4 0% Aq paienbas spunodwod |ejaw Joj SpJepuels - pJepuels J1  (2)
*pax i Sen yojeq uaym 3ieq (i)

SN SN [T 1/12d 0ZL3069 N 1/12d 0115019 [T 1/12d 0LL30€S N 1/1d 0113059 N 1712d 0017019 e3ag $5049
SN SN N 1/13d 002> N /194 002> WN 1714 002> [Z] 1/1d pog> N /14 06> wydjy sso49
SN ] 17 EHY 'l 0°tl AT L 01} 0L T gy nd o
SN SN 091- 000"2- 002- 00i'2- 0L- 005"~ oLz- 005" L - 085- 00£°1- opiueA) uawy .....
SN SN 3] 9 9l 02 9l 6l 9l st 9l 1 spiued) 8301 "
7] 000'S 0°s> 0's> 0°S> 0°S> 0°5>, 0°s> 0's 0°s> 0> s FETNTH
SN 000°1 0°05> 0°05> (3,009 0°05> 0°05> 0°05> 0°05> 005> 0°05> 0° 05> unjua)as R
02% SN 0°02> 0°02> 0°02> 002> 0°02> 0°02> 0°02> 0°02> 0°02> 0°02> 192N
SN 002 20> 0 2°0> 20> 20> 2'0> 0> 0> 20> 0 LSTENET
SN K Sl [ 651 s€2 20> iz %2l neie 91 nv6l unisaubey m
oL 000°S 0°05> 005> 0°0£> 0°'0g> [ 0°'0g> 0'0g> 0° 0> 008> 0°05> paal
SN SN 0°02> 0°02> 12l 0°02> 0°0g> no*z9 0"02> no-2e 0°'02> To 02> uod] .m
002’S .._s.m €2 e 922 sz 0°02> 8L e 602 602 £02 N {Wo4) m -
SN SN g0L X 9271 o0 X 1971 08 ¥ 2871 g0l X 9571 522 Q0L X 9Z°i o0 X 8571 oL ¥ 99°1 Ot X8l Ot ¥ 2271 uniate) - ﬂm
99 000’1 0°s> 0'c> 0°s> 0°5> g0t X 8271 0's> 0°5> 05> 05> 05> wniupe) .m m
SN 000001 125 s 3 165 'S 909 ¥89 219 995 3 unJeg m m a8
SN 000" 0°2L 0°02> 0726 0°02> 028 0L 0°98 0°02> 0°56 0°02> o1uasly e m
SN SN 0959 025l 0,8Y 0555 0985 008Y 088Y 0709 0527 070" wnu Ny B w m
© @ keq g2 keq 1 Aeq g2 Aeq £ Aeg g2 Asq 2 Aeq g2 Aeq 2 Asg g2 Aea 2 23h)euy mm M
paopueys | paepues Q)26/91% (1)z6/97y (1)26/9/% (1)26/9/% (1)26/9/7% -
£ 0] an 135 \paes 1y pies 1€ yaea 132 Pies 11 Yreg ] m m
/om 401

0002 X3LV) QMY “HSVATZ “1N23D ‘IMIT
3I90NTS BAT4IUVID OGNV ABUNTS 2202
y-€ 316V1



standard for F006, F007, and F009 wastes. The standard is 510 ug/l. The data
for Batch 15 after 28 days of curing is below the detection limit (<30 ug/l).
There is no apparent reason why this one data point is above the LDR standard.

There is no significant difference in the analytical data for those batches with
Pond 207C vs. the batches with Pond 207C combined with the Clarifier sludge.
Additionally, the use of the Latex 2000 System had no adverse effect on the TCLP
results. The pH of the TCLP extracts ranged from 10.4 to 12.1. The pH of the
TCLP extract is an important parameter with regards to metal leachability. The
results of the TCLP leachate analysis throughout the treatability study have
passed all RCRA criteria when the pH of the leachate ranged from 9.0 to 12.3.
Even when the pH of the leachate falls below 9.0, the extract can still pass the
RCRA criteria. However, the metal concentrations in the leachate will begin to
increase and approach their respective limits (further discussion is provided in
Section 3.1.1.2).

Total cyanide was detected in 45 of 50 TCLP leachate samples analyzed. The total
cyanide concentration in the TCLP leachate ranged from less than 12 ug/l to 33
ug/l. The data for amenable cyanide indicates that most of the values are

'reported as negatives. BAmenable cyanide concentrations are typically reported

as negative vs. less than zero when cyanide is complexed with metals. Cyanide
concentration data in TCLP leachates are not required for waste certification.
The data was gathered to assess the effectiveness of the CSS systems tested and
to determine the leaching potential of cyanide. Although there is no LDR (CCWE)
standard for cyanide in the TCLP leachate, all values are less than the Maximum
Contaminant Limit (MCL) for cyanide (50 ug/l) in drinking waters.

The values for gross alpha in the TCLP leachate are consistently reported as less
than 200 pCi/l. Gross beta results range from 280 +/- 100 pCi/l to 780 +/- 110
pCi/l. These values indicate that TCLP leachates can be shipped off-site for
analysis via air transportation during remediation, if required. However, review
of the radionuclide data indicates that the entire test cylinder can also be
shipped off-site for analysis. The current plan is to ship cured test cylinders
to the Pittsburgh Laboratory for analysis. BAdditional details are provided in
Attachment E.
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3.1.1.2 TCLP Metal Sensitivity to pH

One of the most important factors controlling the TCLP extract concentration of
heavy metals is the pH of the extraction fluid. The lime/cement/flyash CSS
system adds considerable amounts of alkalinity to the waste (by the addition of
hydroxide from the lime and the creation of hydroxide during the cement hydration
reaction), resulting in the TCLP extract having a pH in the range of 10-12.
Many, but not all, metal hydroxides are less soluble at higher pHs than at lower
pHs.

The mixes tested during the regulatory confirmation phase of testing successfully
passed all LDR and RCRA hazardous toxicity criteria, with the exception of one
7-day cure value for lead in Batch 15 (see discussion in Section 3.1.1.1).
However, because the pH of the TCLP extracts in this phase were consistently in
the pH 10.4-12.1 range, and the metals concentrations showed little variation at
these pH values, the data from this phase are not useful for determining the
dependence of extract metals concentration on extract pH. To accomplish this,
data gathered during Phases I/II must be used. These data, which are presented
in Attachment A, include a much wider range of TCLP extract pH values. For the
lime/cement/flyash batches tested, the extgact pH ranged from 6.9 to 12.1 (see
Section 2.0 of the report included in Attachment A-2). For the lime/cement/
flyash/Latex 2000 batches tested, the extract pH ranged from 9.6 to 11.0 (see
Section 5.0 of the report included in Attachment A-2). These data serve as a
baseline to which Phase III/IV data can be compared.

A series of graphs have been prepared in which TCLP metals concentrations are
plotted against TCLP extract pH. The plots are provided in Attachment F and are
described as follows:

] Group I, Figures 1 through 9: data for 207C plus lime/cement/flyash

* Group II, Figure 10 through 18: data for 207C plus lime/cement/
flyash/Latex 2000

. Group III, Figures 19.through 27: data for 207C/clarifier plus
lime/cement/flyash
. Group IV, Figures 28 through 36: data for 207C/clarifier plus

lime/cement/flyash/Latex 2000
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Both 7-day cure and 28-day cure TCLP data from Phase III/IV testing are included
on the figures.

Following is an assessment of each metal of regulatory concern:

) Arsenic - Both baselines (lime/cement/flyash mixed with and without
latex) for TCLP arsenic concentrations show no dependency on TCLP
extract pH. Both baselines are an order of magnitude below the
toxicity characteristic (TC) standard of 5 mg/l. As predicted by
the baselines, the Phase III/IV data are at or below the baseline at
the high pH range. Arsenic shows little potential for leaching
above the TC standard, even if the pH of the extract falls into the
7-10 range.

] Barium -~ The baselines for TCLP barium concentrations are well below
the TC standard of 100 mg/l and show little or no dependency on pH
in the range tested. All phase III/IV data are at or near the
baseline at the pH 10-12 range tested. Barium shows little
potential for leaching above the TC standard at the pH range tested.

e Cadmium - The baseline for cadmium vs. pH for the lime/cement/flyash
mixes shows a clear trend of decreasing cadmium concentrations with
increasing pH. The limited Phase I/II data seem to indicate that if
the TCLP extract pH falls below 6 (approximate), then the LDR
standard of 0.066 mg/l might be exceeded. Conversely, at pH values
greater than 9, the TCLP extract cadmium concentration decreases to
concentrations with a reasonable safety factor. The Phase III/IV
data, in the pH 10-12 range, verify this. The cadmium data for the
latex tests show no dependence on pH.

. Chromium - Both baselines for TCLP chromium show little dependence
on TCLP extract pH in the range tested. Phase III/IV data follows
the trend of the baseline at the pH 10-12 range tested. Chromium
shows little potential for leaching above the TC standard of 5 mg/l.

° Lead - Both baselines for TCLP lead concentrations show little
dependency on TCLP extract pH. The only non-passing LDR criteria
point was Batch 15 (4/2/92) at a pH of 10.5 after a seven day cure.
It appears that there may be a higher possibility of exceeding the
LDR standard in the pH range of 10.5 to 11.5 where five additional
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points approached the 0.5 mg/l LDR standard cut-off line. Lead
shows very little potential for leaching in the pH 7-10 range, and
upon full 28-day cure, lead shows little potential for leaching in
the full range of pH tested.

° Mercury - ' Both baselines (f?r lime/cement/flyash mixes with and
without Latex) for TCLP mercury concentrations show no dependency on
TCLP extract pH. Both lines are an order of maghitude below the
toxicity characteristic (TC) standard of 0.2 mg/l. The Phase III1/IV
data are well within the acceptable range at all pH readings.
Mercury shows very little potential for leaching in the full pH
range tested.

J Selenium - The baseline for the TCLP concentrations are well below
the TC standard of 1 mg/l and show little or no dependency on pH in
the testing range for the Phase III/IV. The selenium data for the
lower pH range of 9.5-10.5 for the Phase I/II testing show a slight
trend in the Latex baseline, but the data are well below the TC
standard.

. Silver - The baseline for silver vs. pH for the lime/cement/flyash
mixes shows a clear trend of decreasing silver concentrations with
increasing pH. The slope of the curve provided by the Phase I/II
data seems to indicate that silver concentrations will remain within
the LDR and TC standards, even at lower pHs (<6). The baseline for
all testing for the lime/cement/flyash/Latex mixes and the Phase
III/IV data for the lime/cement/flyash mixes are an order of
magnitude below the LDR standard. Silver shows little potential for
leaching above the LDR standard.

o Nickel -~ The baseline for nickel vs. pH for the lime/cement/flyash
mixes shows a very pronounced trend of decreasing nickel
concentrations with increasing pH. The limited Phase I/II data seem
to indicate that if the TCLP extract pH falls below approximately
6.5, then the LDR standard of 0.32 mg/l might be exceeded.
Conversely, at pH values greater than 9.5, the TCLP extract nickel
concentrations decreases to concentrations with a reasonable safety
factor. The Phase III/IV data, in the pH 11-12 range, verify this.
Nickel shows little potential for leaching above the LDR standard in
a pH range above 10. The nickel data for the Latex tests show no
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dependency on pH, and nickel has very little potential for leaching
above the LDR standard for all pH levels tested.

3.1.1.3 TCLP Volatile Organic Results

As previously mentioned in Section 2.3.3, characterization data for Pond 207C
slurry and clarifier indicate the presence of several volatile organics at
relatively low concentrations. However, none are present in concentrations to
be of regulatory concern (exceeding LDR standards in the TCLP ZHE concentration
or exceeding the toxicity characteristic in the TCLP 2ZHE extract for
classification as a characteristic hazardous waste). As a confirmation, the
centerpoint mixes (water to pozzolan ratios of 0.42) were subjected to the TCLP
ZHE, and the extract analyzed for volatile organics.

Concentrations of volatile organics in the TCLP leachate are shown in Table 3-5
for the batches prepared with Pond 207C water and silt. Table 3-6 provides the
results for the batches prepared with Pond 207C slurry and the Clarifier. Tables
3-5 and 3-6 represent batches that were prepared using lime, cement, and flyash
as the CSS binder. Tables 3-7 and 3-8 provide the data for the batches prepared
with Pond 207C water and silt and Pond 207C slurry with the Clarifier,
respectively. Tables 3-7 and 3-8 represent the mixes prepared with lime, cement,
flyash, and Latex 2000 as the CSS binder. Also shown are the regulatory
standards for the LDR criteria (40 CFR 268) and the standards for the toxicity
characteristic (40 CFR 261.24).

The results for the TCLP zero-headspace extraction (ZHE) analyses indicate that
all samples are at concentrations below the LDR criteria. All of the data

reported as non-detects.

3.1.1.4 Free Liquid Requirements

- A requirement for waste shipment and waste acceptance at NTS is no free liquid
in the final waste form. . The Paint Filter Liquids Test described in Section

2.3.3, is used to determine the presence or absence of free liquid. The
liquid/solids test is a Department of Transportation test to determine if the
material is a solid or a liquid with regard to packaging requirements.

Tables 3-9 and 3-10 provide the results of the free liquid tests for the batches
mixed with Pond 207C slurry, and the batches mixed with Pond 207C slurry and the
clarifier sludge, respectively. These batches were prepared with lime, cement,
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TABLE 3-6
207C SLURRY AND CLARIFIER MIX
LIME/CEMENT/FLYASH
28-DAY CURE
TCLP VOLATILES
(w/l)
Batch 2C Batch 6C Batch 12C LDR TC
Analyte 4/1/92¢1) 4/6/92(1) 476/92¢1) Standard(2) | Standard(3)
= o
.[ Benzene <50 <50 <50 NS 500
2-butanone <100 <100 <100 750 200,000
Carbon Tetrachloride <50 <50 <50 960 500
Chlorobenzene <50 <50 <50 50 100,000
Chloroform <50 <50 <50 NS 6,000
1,2-dechloroethane <50 <50 <50 NS 500
1,1-dichioroethene <50 <50 <50 NS 700
Tetrachloroethylene <50 <50 <50 50 700
Trichlorethylene <50 <50 <50 9 500
Vinyl Chloride <100 <100 <100 NS 200

(1) Date when batch was mixed.
(2) LDR Standard - These values represent the standards for the compounds analyzed as regulated by
40 CFR 268 for listed wastes F001, F002, F0O03, and FO005.
(3) TC Standard - These values represent the standards for volatile organics which are regulated by
40 CFR 261.24 (Characteristic Hazardous Waste by the Characteristic of Toxicity).

NS - No RCRA Standard.
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TABLE 3-7
207C VATER AND SILT MIX
LIME/CEMENT /FLYASH/LATEX
28-DAY CURE
TCLP VOLATILES
(ug/l)
—_—
Batch 1L Batch 14L Batch 1L LDR

] Analge 2/13/92(1) &/2/92(1) &/2/92¢1) Standard (2)
Benzene <50 <50 <50 NS 500
2-butanone <100 <100 <100 750 200,000 “
Carbon Tetrachloride <50 <50 <50 960 500 ]l
Chlorobenzene <50 <50 <50 50 100,000
Chioroform <50 <50 <50 NS 6,000
1,2-dechloroethane <50 <50 <50 NS 500
1,1-dichloroethene <50 <50 <50 NS 700
Tetrachloroethylene <50 <50 <50 50 700
Trichlorethylene <50 <50 <50 91 : 500
Vinyl Chloride <100 <100 <100 NS 200

et e A e S —————— J

Date when batch was mixed.

LOR Standard - These values represent the standards for the compounds enalyzed as regulated by
40 CFR 268 for listed wastes F00Y, F002, F003, and FO05.

(3) TC standard - These values represent the standards for volatile organics which are regulated by

40 CFR 261.24 (Characteristic Hazardous Waste by the Characteristic of Toxicity).

NS - No RCRA Standard.

~ o~
N =
-~

Deliverable (Combined) 235A and 235B
POND 207C AND CLARIFIER
TREATABILITY STUDY REPORT

3-27



TABLE 3-8
207C SLURRY AND CLARIFIER MIX
LIME/CEMENT/FLYASH/LATEX
2B-DAY CLRE
TELP VOLATILES
(ug/l)
Batch 3CL LDR TC
Analyte &/6/92¢1) Standard (2) Standard(3)
P —
Benzene <50 NS 500 ]
2-butanone <100 750 200,000 "
Carbon Tetrachloride <50 960 500 Jl
Chlorobenzene <50 50 100,000 44“
Chloroform <50 NS 6,000 “
1,2-dichloroethane <50 NS 500
1,1-dichloroethene <50 NS 700
Tetrachloroethylene <50 50 700
Trichloroethylene <50 91 500
Vinyl Chloride <100 NS 200 "

4P
(2)

3

NA

Deliverable (Combined) 235A and 235B

POND 207C AND

Date when batch was mixed.
LDR Standard - These values represent the standards for the compounds analyzed as

regulated by 40 CFR 268 for listed wastes F001, F002, FOO3, and FO05.
- These values represent the standards for volatile organics which are

TC Standard

regulated by 40 CFR 261.24 (Characteristic Hazardous Waste by the
Characteristic of Toxicity).

- No RCRA Standard.

CLARIFIER
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TABLE 3-9
207C UATER AND SILT NIXES
LIME, CEMENT, AND FLYASH
FREE LIQUID TEST CRITERIA

Paint Filter Liquid Test(1) Liquid/Solids Test(2) “
Batch Date Mixed Pass Fail Pass Fail I
[ 1 2/13/92 X NT NT
2 2/13/92 X NT NT
3 2/13/92 X NT NT
4 2/13/92 X NT NY
5 2/13/92_ | X NT | NT
6 4/6/92 T X X 1[
7 4/6/92 X X "
8 |___4/6/92 X X
9 4/3/92 X X
10 4/3/92 X X
| 11 4/3/92 X 1 X
12 4/2/92 X X
13 4/2/92 X X
1% 4/2/92 X X :
15 4/2/92 X X “
16 4/2/92 X X “
17 4/2/92 X X 1‘
18 4/2/92 X X _:ll
19 4/3/92 X X ]
20 4/3/92 X X
21 4/3/92 X X
22 4/3/92 X X
23 4/3/92 X X
24 4/3/92 X X
i 25 <5/13/92><3)J X | X |
26 (5/13/92)(4) X (9) X(10)
27 (5/13/92)(5) X (10) X_(10)
28 (5/13/92)(6) X X
29 (5/13/92)(7) X (13) X ¢11) I
30 (5/13/92)(8) X (1) X (12)
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TABLE 3-9
207C WATER AND SILT MIXES
LIME, CEMENT, AND FLYASH
FREE LIQUID TEST CRITERIA
PAGE TWO

(1) Paint Filter Liquids Test - SW B46, Method 9095

(2) ASTM D4359-84 - Standard Test Hethod for Determining Whether a material is a quu!d or a Solid.
(3) Additive Mixture: Added D-Air-2 at 0.25% of total pozzolan weight.

(4) Additive Mixture: Added superplasticizer at 1.67X by weight of pozzolans.

(5) Additive Mixture: Added D-Air-2 at 0.25% and superplasticizer at 1.67% by aetght of pozzolans.
(6) Additive Mixture: Added D-Air-2 at 0.25X by weight of pozzolans.

(7) Additive Mixture: Added superplasticizer at 1.67X% by weight of pozzolan.

(8) Additive Mixture: Added D-Air-2 at 0.25% and superplasticizer at 1.67% by weight of pozzolan.
(9) 1 ml free liquid present on top of hardened cylinder after 28-day cure.

€(10) 2 ml free liquid present on top of hardened cylinder after 28-day cure.

(11) 3 ml free liquid present on top of hardened cylinder after 28-day cure.

(12) 6 mlL free Liquid present on top of hardened cylinder after 28-day cure.

(13) 8 ml free liquid present on top of hardened cylinder after 28-day cure.

NT - Not tested for this parameter.

Deliverable (Combined) 235A and 2358
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TABLE 3-10
207C CLARIFIER MIXES
LINE, CEMENT AND FLYASH
FREE LIQUID TEST CRITERIA

(1) Paint Filter Liquids Test - SW846, Method 9095

IL Paint Filter Liquids Test(1) Liquid/Solids Test(2)
Batch No. Date Mixed Pass Fail Pass Fail
1c % 4/1/92 X X
2c 41792 X X
3c 4/1/92 X X
4C 4/1/92 X X
5¢ " 4/1/92 X X
| 6C ! 4/1/92 X X |
7c 4/6/92 X X
8c 4/6/92 X X
9c 4/6/92 X X
10C 4/6/92 X X
11C 4/6/92 X X
12¢ 4/6/92 X X
13¢C 4/6/92 X X |
14C | Y X _ X 1
15¢(3) 1' 5/13/92. X X l
16C(4) l 5/13/92 X X "
17¢(5) " 5/13/92 X X "

(2) ASTM D4359-84 - Standard Test Method for Determining Whether a Material is a Liquid or a Solid.

(3) Additive Mixture: Added D-Air-2 at 0.25% by weight of pozzolans.

(4) Additive Mixture: Added superplasticizer at 1.67% by weight of pozzolans.
(5) Additive Mixture: Added D-Air-2 at 0.25X% and superplasticizer at 1.67X% by weight of pozzolans.
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and flyash. Tables 3-11 and 3-12 provide the results for the batches mixed with
Pond 207C water and silt, and the batches mixed with Pond 207C slurry and the
clarifier sludge, respectively. These batches were prepared with lime, cement,
flyash, and Latex 2000.

All of the batches prepared in the final phase of testing successfully passed
both tests for the determination of free liquid after 28 days of curing except
Batches 26, 27, 29, and 30. These batches were prepared with a superplasticizer
(cement retarder) in which the dosage was too high. Because the dosage was too
high, the pozzolans did not cure, and as a result free liquid was present after
28-days of curing.

The 28-day cured samples with 207C water and silty sludge (Batches 1 - 5 on
Table 3-9 and Batches 1L ~ 9L on Table 3-11) all passed the Paint Filter Liquids
Test (SW 9095). However, the liquid/solids test (ASTM D4359-84) was not
conducted on these batches.

Additional testing was conducted on both Pond 207C material and the combined
slurry of 207C and Clarifier to determine the time required for the waste
material, once mixed with pozzolans, to solidify sufficiently to pass the free
liquids testing criteria. The testing was conducted at a water to pozzolan ratio
of 0.50. This condition would require the longest time to pass the test because
this condition has the least amount of pozzolans.

The test for the liquid/solids test (Method ASTM 4359-84) was modified for this
procedure. The test method requires that the sample be dried at 100°F for 24
hours. Because this would accelerate the curing of the material, the method was
modified by eliminating the drying portion. The test cylinders were air-cured,
which is more representative of expected field conditions.

The test conducted for Pond 207C slurry used a cement to flyash ratio of 1 to 2
and a water to pozzolan ratio of 0.50. The solids data for the waste tested are
as follows:

. Total dissolved solide = 33.1%
. Total suspended solids = 7.4%
. Total solids = 35.0%
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TABLE 3-11

207C WVATER AND SILT MIXES
LIME, CEMENT, FLYASH, AND LATEX
FREE LIQUID TEST CRITERIA

Paint Filter Liquids Test(1) Liquid/Solids Test(2) “
Batch Date Mixed Pass Fail Pass Fail J
1L 2/13/92 X NT NT
2L 2/13/92 X NT NT
3L 2/13/92 X NT NT
4L 2/13/92 X NT NT
5L 2/13/92 X NT NT
6L 2/13/92 X NT NT it
7L 2/13/92 X NT NT
8L 2/13/92 X NT NT
9L 2/13/92 X NT NT
10L 4/2/92 X X 1|
11L 4/2/92 X X
12L 4/2/92 X X
13L 4/2/92 X X
14L 4/2/92 X X
15L 4/3/92 X X
16L 4/3/92 X X
17L v 4/3/92 X X
18L 4/3/92 X X
9L 4/3/92 X X A

(1) Paint Filter Liquids Test - SW846, Method 9095
(2) ASTM D4359-84 - Standard Test Method for Determining Whether a Material is a Liquid or a Solid.

NT - Not Tested For This Parameter
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TABLE 3-12
207C SLURRY AND CLARIFIER MIXES
LIME, CEMENT, FLYASH, AND LATEX
FREE LIQUID TEST CRITERIA

Paint Filter Liquids Test(1) Liquid/Solids Test(2) "
Batch | Date 'iXL Pass Fail Pass ‘Faill
1CL 4/6/92 X X
2CL 4/6/92 X X
3CL 4/6/92 X X
4CL 4/6/92 - X X
5CL 4/6/92 X — =X_

(1) Paint Filter Liquids Test - SW 846, Method 9095
(2) ASTM D4359-84 - Standard Test Method for Determining Whether a Material is a
Ltiquid or a Solid.
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The solidified material passed both the paint filter test and the liquid/solids
test after 12 hours.

The test conducted for the combined slurry of Pond 207C and the Clarifier used
a cement of flyash ratio of 1 to 2 and a water to pozzolan ratio of 0.50. The
solids data for the waste tested are as follows:

. Total dissolved solids = 34.6%
. Total suspended solids = 11.6%
° Total solids = 38.9%

The solidified material passed both the paint filter test and the liquid/solids
test after 4 hours. )

3.1.2 Results of Engineering Testing

Unconfined compressive strength (UCS), freeze/thaw durability, and wet/dry
durability were measured dﬁring the regulatory confirmation phase on 28-day cured
samples. These parameters are not mandatory for the final solidified product to
be certified prior to ultimate disposal. These tests are pertinent for
estimating the stability of the end product and provide comparative data between
various CSS formulas.

3.1.2.1 Unconfined Compressive Strength

Test cylinders that have Unconfined Compressive Strength (UCS) results that
approach 600 psi typically have passed the regulatory criteria and the durability
tests. However, it can not be assumed that UCS results less than 600 psi will
fail all other criteria because there is not a direct correlation between UCS
data and other acceptance criteria or engineering data.

The results of the UCS tests are provided in Tables 3-13 to 3~-16. Table 3-13
provides the data for the batches prepared with lime, cement, and flyash using
Pond 207C water and silt. Table 3-14 provides the data for batches prepared
using lime, cement, flyash using Pond 207C slurry with the clarifier. Tables
3-15 and 3-16 provide the data for the batches prepared with lime, cement,
flyash, and Latex 2000 using Pond 207C water and gilt and Pond 207C slurry with
the clarifier, respectively.
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The results presented in Table 3-13 and 3-14 indicate all tested batches achieved
greater than 100 psi after the 7-day and 28-day curing. The data shown for 52-
day UCS are after the samples were subjected to the wet/dry and the freeze/thaw
durability tests. After 7 days, most batches achieved greater than 637 psi, the
maximum reading the equipment was capable of producing. However, there is an
apparent decrease in strength from 7 days to 28 days with 12 of the 24 batches
showing a lower UCS value. This apparent trend of decreasing strength over time
is not supported by the 52-day UCS data. When the 7-day and 28-day data are
compared to the 52-day UCS data, even after going through durability testing, the
strengths are equal to or greater than the original 7-day UCS values.

There are several possible explanations for the observed loss in strength for the
28-day UCS analyses, which was not observed for the 52-day UCS analyses. One
explanation is that the cylinders did not have completely flat surfaces, which
resulted in stress from the UCS machine being applied unevenly, resulting in an
artificially low UCS value. Following the ASTM Method D4219-83, Standard Test
Method for Unconfined Compressive Strength Index of Chemically Grouted Soils, the
samples were not required to be prepared using a polishing or capping procedure
to assure a flat, level surface. Due to the large number of test cylinders and
the time constraints, it was not feasible to prepare the samples in this way.
ASTM D4219-83 does call for the ends of the specimens to be smooth, perpendicular
to the longitudinal axis, and of the same diameter of the specimen, which was the
case for most of the cylinders tested. A second explanation is that the
cylinders could have been handled or filled improperly. It was noted during the
treatability study that improperly packing or filling the cylinders could have
a dramatic effect on the strength of the cured cylinders. It is also possible
that the cylinders chosen were of lesser quality. At this time, there is
insufficient data to determine the specific cause of the loss of strength after
28 days. However, long-term (52-day) UCS data indicate there is no trend for
loss of strength with time.

Also shown in Table 3-13 are Batches 25 and 28, which represent the batches
prepared with the D-Air-2 defoaming additive. The UCS values for these batches
were in an acceptable range. Batches 26, 27, 29, and 30 are those batches which
were prepared with the Halliburton superplasticizer to improve viscosity. The
UCS results for these batches are unacceptable and are an indication that the
Plasticizer dosage was too high.
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Table 3-14 provides UCS data for Batch 15C, which is the batch prepared with D-
Air-2. This result is acceptable. Batches 16C and 17C are those prepared with
the superplasticizer. These results are also unacceptable and indicate that the
superplasticizer dosage was too high.

The UCS results for batches prepared with lime/cement/flyash/Latex 2000, shown
in Tables 3-15 and 3-16, all achieved the maximum value of 637 psi for the 28-day
cure samples. Five of the 19 batches of 207C water/silt prepared with the latex
additive were below the maximum measurable UCS value after 7 days of curing, but
all achieved greater than 637 psi after 28 days. All five batches of
207C/clarifier prepared with the latex additive achieved 637 psi after 7 days,
and maintained greater than 637 psi after 28 days. Long-term (52-day) UCS data
also showed favorable results by maintaining the high UCS’s results.

3.1.2.2 Durability Testing

The long-term durability testing provides an indication of the final end
product’s ability to withstand environmental conditions such as moisture and
temperature variations. However, successfully passing these tests can not be
related to a particular time frame in which the half crates will remain intact
if exposed to the environment.

The durability test results for Batches 1 to 24, the lime/cement/flyash mixes for
207C water and silt, are provided in Table 3-17. All of the batches successfully
passed the 12 cycles for the wet/dry and the freeze/thaw tests with the exception
of Batch 24, which failed the wet/dry test in Cycle 9. Batch 24 was prepared at
a water to pozzolan ratio of 0.50 with a solids loading 49.1%. This was the most
stringent condition tested. This condition (high solids and a .50 water to
pozzolan ratio) will not likely be encountered during remediation.

It can be seen that the UCS results after the durability testing decreased very
little, if at all. In some cases the UCS results increased. The exception was,
Batch 3 (freeze/thaw), Batch 18 (wet/dry), and Batch 21 (wet/dry), which had a
significant decrease in strength for both the scratched and control cylinder.
The low UCS for the scratched cylinder may be a result of the surfaces of the
cylinder not being flat, which resulted in an artificially low UCS result. The
change in weight for the control vs. the scratched cylinder is similar, which
indicates that only small amounts of the scratched cylinder were removed by the
scratching.
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The durability test results for Batches 1L to 19L, the lime/cement/flyash/latex
mixes for 207C water, are provided in Table 3-18. All of the batches
successfully passed the 12 cycles for the wet/dry and the freeze/thaw tests with
the exception of Batches 7L and 18L. Both Batches 7L and 18L failed the wet/dry
testing. Batch 18L is at a water to pozzolan ratio of 0.50 and a solids loading
of 49.1%. These are the same conditions as Batch 24. There is no apparent
reason why Batch 7L failed. A possible reason is that the cylinders was not
packed or handled properly.

It can be seen that the UCS results, after the durability testing, did not change
significantly from those before the durability testing. The changes in weight
for the control vs. the scratches cylinder are similar, which indicates that only
small amounts of the scratches cylinder were removed by the scratching.

The durability test results for Batches 1C to 17C are provided in Table 3-19.
These batches were prepared with lime/cement/flyash for Pond 207C and the
clarifier. Only Batch 3C failed in the wet/dry test. This batch was prepared
at a water to pozzolan ratio of 0.50.

The UCS results after the durability test are all in an acceptable range. Only
Batch 2C shows a decrease in strength for both the scratched and control
cylinder.

The density test results for Batch 1CL to 5CL are shown in table 3-20. These
batches were prepared with 207C slurry and clarifier sludge with lime/cement/
flyash plus latex. Batch 2CL failed the freeze/thaw test, although there does
not appear to be apparent reason for the failure. This batch was at a water to
pozzolan ratio of 0.42. Batches with similar waste loading at a water to
pozzolan ratio of 0.50 successfully passed the durability testing.

3.1.2.3 Petrographic Analysis

Petrographic analysis was conducted on test cylinders from Phase I/II and the
regulatory phase (Phase III/IV) of the treatability study. Petrographic analysis
wag conducted by following ASTM Method 6856-77. The primary purpose of the
petrographic analysis was to microscopically determine if there were any
significant defects in the CCS formulations that were not apparent from the
macro-testing which was conducted.
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The microscopic analysis is conducted by evaluating numerous test cylinders to
look for patterns or trends upon which to base conclusions. Trends such as
microcracking, poor gel formation, and cement hydration are evauated to determine
if they correlate to salt loadings, suspended solids loadings, and/or water to
pozzolan ratios.

The results of the petrographic analysis of the test cylinders from Phase I/II
indicated that Latex 2000 improved the cement hydration and reduced the
microcracks. Because of this evaluation, the Latex 2000 System was retained for
further evaluation in fhe regulatory phase of testing.

The results of the petrographic analysis of the test cylinders from the
regulatory phase confirmed that the Latex 2000 System is a beneficial additive
with regards to reducing crystal growth, porosity, and microcracking. The
cylinders with latex also had adequate cement hydration and good gel formation.
Evaluation of the Latex 2000 dosage indicated that 1% by weight of cement did not
offer any significant improvement of the above characteristics. A dosage of 3%
provided an indication that there was an improvement, and a 5% dosage was
determined to have the best qualities.

The evaluation of the water to pozzolan ratios indicated that the lower ratios
produced a solidified waste material whichvhad less crystal growth and cracking
compared to the higher ratios. Additionally, lower salt and solids loadings were
considered to produce a solidified waste material which has less detrimental
effects than those cylinders with higher salt and solids loadings.

A general observation made was that the test cylinders which were not removed
from the plastic curing containers had better microscopic characteristics
compared to cylinders which were exposed to the atmosphere. In several
instances, when the test cylinders were removed from the curing containers,
crystal growth began immediately. This suggests that sealing the half crates
inside of a bladder and a plasti¢c bag may be beneficial with regards to crystal
growth.

In general, it was concluded that the test cylinders prepared at low water to
pozzolan ratios with 5% latex and low solids (i.e., salt and suspended solids)
had the best qualities for long~term durability.
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3.2 PROCESS FORMULATION DEVELOPMENT (LIME/CEMENT/FLYASH)

This section provides a discussion of the treatability study results regarding
development of an operating range for remediation. The overall objective of the
treatability study was to provide legally defensible data for input to the
Process Control Plan, thereby providing information to be used to certify the
final waste form.

As previously mentioned, the treatability study initially evaluated various
combinations of binder formulations to determine which additives resulted in a
product that was stable and passed all of the NTS acceptance criteria. Once it
was determined that a specified formulation resulted in an acceptable end
product, testing was conducted to develop an operating range which could be used
during remediation. The operating range was developed to be conservative
enough to ensure that all samples passed the required criteria. Because of
schedule constraints, the operating range was not pushed to greater limits which
would determine the points of failure.

Based on the treatability testing, two parameters appear to be the most
significant regarding process control. The first is the blending of the
pozzolanic mixture, and the second is the ratio of water to pozzolans in the
process stream. Other parameters such as salt loading, solids loading, and
concentrations of metals in the raw product have not demonstrated significance
for the certification of the final product at the levels tested. It is possible
that higher loadings might affect product certification. 1In other words, the
testing indicates that if the first two parameters are correctly controlled and
the other parameters (i.e., salt loading and solid loadings) are maintained

-within the ranges tested during the treatability study, then the resulting end

product should pass all of the certification criteria. However, because the
testing did not attempt to -determine the failure point of the formulation, the
operating envelope will have a ceiling limit for the salt loading and solid
loadings based on the limits actually tested during the treatability study.

3.2.1 ¢SS Binder Formulation
3.2.1.1 Cement/Flyash Ratios
The testing conducted for Pond 207C typically evaluated binder formulations of

cement and flyash at varying ratios. The final phase of testing evaluated
formulations using Type C flyash and Type V cement.

Deliverable (Combined) 235A and 2358
POND 207C AND CLARIFIER
TREATABILITY STUDY REPORT 3-52




Pond 207C

The ratio of cement to flyash was selected at 1 to 2 for the midpoint of the
factorial experiments conducted during the preliminary testing. The factorial
experiments were designed to vary the cement and flyash quantities plus and minus
25 percent around the midpoint quantity. This resulted in a cement to flyash
ratio which ranged from 1/1.2 to 1/3.34. All preliminary testing was conducted
in this manner and all of the preliminary acceptance criteria were passed.
Additionally, Batch 2 and Batch 4 of the final phase are representative of cement
to flyash ratios of 1/3.34 and 1/1.2, respectively. These two batches also
passed all the LDR criteria and engineering criteria associated with the final
phase of testing.

Based on the successful testing of the solidified material prepared using cement
to flyash ratios that varied from 1/1.2 to 1/3.34, it is apparent that the
performance of the CSS binder system, and the certification of the final product,
is not extremely sensitive to the ratio of these additives. The ratio of cement
to flyash of 1/2 can be considered as a goal and not as a absolute requirement
for certification of the final product.

Because most of the testing in the final phase was centered upon developing a
range for the water to pozzolan ratio, little emphasis was placed on developing
a large range for the cement to flyaéh ratio. The majority of the testing done
in the final phase of the treatability study was conducted at a cement to flyash
ratio of 1 to 2.

Pond 207C and Clarifier

The batches prepared with the combined waste streams of the clarifier and Pond
207C were conducted at ratios of cement to flyash of 1/2, 1/1, and 1/0. Batches
1C to 3C were prepared with 12.9 percent total solids by weight. Batches 4C to
14C were prepared with 49 percent total solids by weight. These ratios
correspond to a TSS loading of 4.2% and 5.7% contributed by the clarifier.
Therefore, the maximum amount of solids that can be blended with Pond 207C
material during remediation is 5.7%.

The testing of combined Pond 207C and clarifier waste also indicated that passing
the acceptance criteria is not extremely sensitive to the cement to flyash ratio.
A ratio of one part cement to two parts flyash is selected, with an acceptable
range varying from 1/0 to 1/2.
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3.2.1.2 Hydrated Lime Addition

Pond 207C

An additional criteria for the blended pozzolans is the addition of lime in the
blend. This is important from the standpoint of passing the LDR criteria for the
TCLP extract. Lime is used in the CSS formula to provide sufficient amounts of
alkalinity to lower the solubility of the metals of concern. The solubility of
many metals will remain low when the pH of the solution is alkaline, which
results in successfully passing the LDR criteria. Although there are some metals
which are amphoteric (solubility increases under acidic or alkaline conditions)
such as arsenic, cadmium, chromium, lead, and zinc, no problems have been
observed by maintaining sufficient amounts of alkalinity to maintain a pH of 9.0
to 12.0 in the TCLP extract.

In the preliminary testing of the CSS formulation, a fixed amount of lime was
added to the waste regardless of the amount of cement and flyash added. Testing
in this manner resulted in lime addition varying from 0.5 to 0.7 percent by
weight of the solidified product, or a cement/flyash/lime ratio of 1/1.2/0.027
to 1/3.34/0.045. After the addition of lime to the raw waste the pH of the mix
was in a range of 11.5 to 12.

In the final phase of testing, lime was added at a fixed dosage for Batches 1
through 5. For these batches the lime dosage was increased, which resulted in
a range of 1.1 to 1.4 percent by weight of the total solidified product. The
corresponding ratio of cement/flyash/lime varied from 1/1.2/0.05 to 1/3.34/0.09.

The lime dosage for Batches 6 through 24 was based on 1.4 percent by weight of
the solidified product. The ratio of cement/flyash/lime varied from 1/2/0.065
to 1/2/0.084.

The selected ratio for cement/flyash/lime to be used during remediation is
1/2/0.075. For lime, the dosage is the approximate average of 0.065 and 0.084.
As with the ratio of cement to flyash, the ratio of cement/flyash/lime of
1/2/0.075 is a goal and not an absolute criteria for certification of the final
waste form. The range of successful testing in the final treatability phase
varied between 1/1.2/0.05 to 1/3.34/0.09. RAdditionally, the preliminary testing
indicated that ratios of cement to lime as low as 0.027 successfully passed the
TCLP LDR criteria.
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Pond 207C and Clarifier

The ratios of cement/flyash/lime that were tested for the clarifier and 207C
ranged between 1/2/0.066 and 1/2/0.077. All of these ratios successfully passed
the TCLP LDR requirements. For remediation, a blend of 1/2/0.075 will be the
goal.

3.2.2 Water to Pozzolan Ratio

The criteria determined to be the most critical for successful certification of
the final waste form is the water to pozzolan ratio. This ratio is determined
by analyzing the waste stream for total solids by gravimetric methods to obtain
a total water content. The weight of the water for a given quantity of waste is
then divided by the total quantity of pozzolans added to the waste stream. The
resulting number is the water to pozzolan ratio.

For the purpose of testing during the treatability study, pozzolan was defined
as cement plus flyash. However, during remediation the lime will be blended with
the cement and flyash. The pozzolan calculation will require adjustment to
subtract out the lime portion of the pozzolan blend to achieve the proper ratio
in the field.

Pond 207C

The preliminary testing conducted for 207C tested water to pozzolan ratios that
varied from approximately 0.38 to 0.64.

Several batches in the final phase of the treatability study for Pond 207C
evaluated water to pozzolan ratios which varied from 0.34 to 0.56. However,
only Batch 5 was tested at a water to pozzolan ratio of 0.56. This batch
successfully passed all of the certification criteria and the wet/dry and
freeze/thaw durability testing. Water to pozzolan ratios which successfully
passed all to the certification criteria and the durability testing include 0.34,
0.36, 0.42, 0.44, 0.46, and 0.56.

The bulk of the final phase testing was done at water to pozzolan ratios varying
from 0.34 to 0.50. These ratios were used for Pond 207C and the combined waste
stream of the clarifier and Pond 207C. The upper limit was lowered from 0.56 to
0.50 to ensure that all of the LDR criteria and the engineering criteria were
successfully passed, especially the durability testing.
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Pond 207C and Clarifier

The preliminary tests for the clarifier were conducted at water to pozzolan
ratios that ranged from 0.69 to 0.99. None of these water to pozzolan ratios
were successful in passing the durability tests. These ranges are relatively high
and likely contributed to the failures in the durability testing (See
Attachment A-3).

The final phase of testing was conducted at water to pozzolan ratios that varied
from 0.34 to 0.50. These ratios successfully passed all acceptance criteria and
performed acceptably in the durability testing. Specific information concerning
durability testing can be found in Section 3.1.2.2.

3.2.3 Wwaste lLoading

The waste loadings tested during the treatability study did not affect compliance
with LDR criteria. All loadings tested successfully passed LDR criteria in the
TCLP extract. The waste loading parameters include total solids, total dissolved
solids, total suspended solids, and the concentration of the chemicals of concern
in the raw waste.

The waste loading appears to have an effect on the durability testing. At high
total solid concentrations (49%) and a high water to pozzolan ration (0.50), the
durability test cylinders failed. However, the solids concentration tested is
relatively high compared to what is expected for actual conditions during
remediation. The waste loading parameters, with the exception of individual
contaminant concentrations, will therefore, have an upper limit not to exceed for
the operating range, since testing has not been conducted to determine at what
higher levels these parameters might cause failure for the certification

criteria.

The concentrations of the LDR constituents in the waste stream should not leach
above their respective LDR criteria as long sufficient alkalinity is provided by
the addition of lime. The concentration of volatile and semivolatile organics
have been determined to be lower than the LDR criteria in the raw waste by the
Pond Sludge and Clarifier Waste Characterization Report (HALLIBURTON NUS, January
1992) and therefore should not present any concerns. All of the analytical data
from the treatability study are provided in Section 3.1 and indicate that there
are no concerns regarding paésing the LDR criteria.
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Pond 207¢C

The range of total solids, dissolved solids, and suspended solids that were
tested for Pond 207C are provided in Table 3-21.

TABLE 3-21

WASTE LOADINGS FOR POND 207C

—
Total Solids | Total Dissolved Solids | Total Suspended Solids I
(Percent) (Percent) (Percent)

40.0 27.3 9.3 l
38.6 34.1 0.89 1'
35.0 33.1 7.4 “
38.6 34.96 9.1 "
44.0 40.4 9.1 “

43.4 32.1 11.3
49.1 31.9 17.2 "

As discussed in Section 2.3.1, the total suspended solids (TSS) plus the total
dissolved solids (TDS) does not always equal the total solids (TS). This could
be a result of analytical accuracy, or overlap of solids in both TSS and TDS
(i.e., some solids may be recorded as both TSS and TDS). It should be noted that
the water to pozzolan ratios were based on the total solids value. The value
used for total solids is typically based on the average of duplicate or
triplicate analyses.

For Pond 207C, the total solids varied from 35 to 49.1 percent. Because the
majority of the total solids is comprised of dissolved solids, the 207C slurries
were always flowable slurries, not sludge cakes. The TDS varied from 27.3 to
34.96 percent at ambient temperatures. A value of 40.4 percent TDS was achieved
by heating the 207C slurry to 70°F, which resulted in additional crystals going
into solution. This testing was done to provide an elevated TDS loading.

The remaining TDS values for Pond 207C varied from 27.3 to 34.96 percent. The
value of 27.3 is from testing that was conducted in February, whereas the other
values correspond to testing conducted in April. The TDS values of 34.1%, 33.1%,
34.96%, 32.1%, and 31.9% are all essentially the same value. The pond material
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was all from the same sample, which was at the same approximate temperature
when samples were collected. The slurry in all of the cases was saturated at the
given room temperature, which was approximately 62°F to 65°F.(Blurries were
believed to be saturated because excess crystal was present). The variation
between 32 and 35 percent is relatively small and is probably related to
analytical precision.

The TSS varied from 3.1 to 17.2 percent, depending on the quantity of silty
sludge that was added to the slurry. Based on the current volumes of material
in Pond 207C, the estimated TSS of the homogenized pond is between 5 and 10
percent. Thus, the range of TSS values tested brackets the expected operating
conditions.

Pond 207C and the Clarifier

A summary of the range of total solids, total dissolved solids, and suspended
solids that were tested for Pond 207C combined with the clarifier are provided
in Table 3-22.

TABLE 3-22

SUMMARY OF WASTE LOADING PARAMETERS FOR POND 207C
COMBINED WITH THE CLARIFIER

Total Solids | Total Dissolved Solids | Total Suspended Solids
(Percent) (Percent) _1 (Percent)
33.8 27.7 11.0
38.9 34.6 11.6

The TSS values for the clarifier combined with Pond 207C slurry show iittle
variation. The clarifier was combined with a 207C slurry that had approximately
5 percent TSS. The clarifier waste stream had a TSS concentration of 5.7
percent, which is considered the maximum TSS loading which can be accepted from
the clarifier. ‘

3.3 PROCESS FORMULATION DEVELOPMENT (LIME/CEMENT/FLYASH/LATEX)

This section provides the process formulation development for lime/cement/
flyash/latex. The treatability study was designed to compare formulations of
lime/cement/flyash to similar formulations of lime/cement/flyash/latex. This was
Deliverable (Combined) 235A and 2358
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done so comparisons could be made to evaluate the effect of Latex 2000 on the
final product. For that reason, most of the process formulation parameters are
identical to those presented in Section 3.2.

3.3.1 ¢SS Binder Formulation
3.3.1.1 Latex 2000 Dosage

Pond 207¢C

The Latex 2000 System consists of 3 components; Latex, D-Air-3, and Stabilizer
434B. These components must be added to the waste stream in a specified order.
The order of addition is D-Air-3, then Stabilizer 434B, followed by the Latex.
The dosage of Latex 2000 was varied from 1 to 5 percent by weight of the cement.
The dosage of D-Air-3 is at 4 percent by weight of the Latex, and the Stabilizer
434B dosage is 15 percent by weight of the Latex.

Pond 207C and Clarifier
The dosages used for Latex, D-Air-3, and Stabilizer 434B are identical to those

mentioned above for Pond 207C.
3.3.1.2 Cement to Flyash Ratio

Pond 207C

The cement to flyash ratios tested with latex were identical to those tested
without the latex additive. The values for the cement to flyash ratio varied
from 1/1.2 to 1/3.4. As was the case in Section 3.2.1.1, the cement to flyash
ratio of 1/2 should be considered a goal and not an absolute requirement.

Pond 207C and Clarifier

The cement to flyash ratio tested with the latex additive was 1/2. This was the
lonly ratio tested.

3.3.1.3 Hydrated Lime Addition

Pond 207C

The addition of lime is important from the standpoint of passing the LDR criteria
for the TCLP extract. Lime is used in the CSS formula to provide sufficient
amounts of alkalinity to adjust the pH of the TCLP extract. The solubility of
many metale will remain low when the pH of the solution is alkaline, which
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results in successfully passing the LDR criteria. The exception are amphoteric
metals such as arsenic, cadmium, chromium, lead, and zinc, which demonstrate
increased solubility at both acidic and alkaline conditions.

In the final phase of testing, a fixed amount of lime based on data from Phase
I/II testing, was added for Batches 1L through 9L. For these batches, the lime
dosage was also increased, which resulted in a range of 1.1 to 1.4 percent by
weight of the total solidified product. The corresponding ratio of cement/
flyash/lime varied from 1/1.2/0.05 to 1/3.34/0.09.

The lime dosage for Batches 10L through 19L was based on 1.4 percent by weight
of the solidified product. The ratio of cement/flyash/lime varied from 1/2/0.065
to 1/2/0.084.

The selected ratio for cement/flyash/lime to be used during remediation is
1/2/0.075, For lime, the dosage is the approximate average of 0.065 and 0.084.
As with the ratio of cement to flyash, the ratio of cement/flyash/lime of
1/2/0.075 is a goal and not an absolute criteria for certification of the final
waste form. The range of successful testing in the final treatability phase
varied between 1/1.2/0.05 to 1/3.34/0.09. RAdditionally, the preliminary testing
indicated that ratios of cement to lime as low as 0.027 successfully passed the
TCLP LDR criteria.

Pond 207C and Clarifier

The lime dosage for these mixes was held constant at 1.4 percent of the total
weight of the end product. This resulted in the cement/flyash/lime dosage
ranging from 1/2/0.066 to 1/2/0.078. The selected ratio for the combined waste
stream of Pond 207C and the Clarifier with Latex 2000 is 1/2/0.072.

3.3.2 Water to Pozzolan Ratio

Pond 207C
The water to pozzolan ratios tested for Pond 207C with latex are the same as Pond
207C without latex. The water to pozzolan ratio varied from 0.34 to 0.56.

Pond 207C and Clarifier
The water to pozzolan ratios tested for the combined waste stream of Pond 207C
and the Clarifier varied from 0.34 to 0.50.
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3.3.3 WVaste loading
Pond 207C
The waste loadings tested for Pond 207C using Latex 2000 were similar to those

without the Latex 2000 System and are summarized in Table 3-23.

TABLE 3-23

WASTE LOADINGS FOR POND 207C

Total Solids | Total Dissolved Solids Total Suspended Solids
(Percent) L (Percent) (Percent)
40.0 27.3 9.3 "
35.0 33.1 7.4
38.6 34.96 9.1
43.4 32.1 11.3
49.1 31.9 17.2

Pond 207C and Clarifier

The waste loading for the combined waste stream of Pond 207C and the Clarifier
was as follows:

e Total Solids = 38.9 percent

e Total Dissolved Solids 34.6 percent

e Total Suspended Solids 11.6 percent

3.4 PROCESS FORMULATION

This section provides the process formulation for the remediation of Pond 207C
and the clarifier.v Included in the process formulation are the specified
pozzolan blend and the operating envelope. Based on the treatability study
testing conducted in the laboratory, adherence to the process formulation during

remediation should result in compliance with all certification criteria. These
criteria include RCRA regulations for the characteristic of toxicity (40 CFR
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261.24) and the Land Disposal Restrictions (40 CFR 268 Subpart C and D) for
listed wastes F001-003, F005-007, and FO009. Also included in the certification
criteria are testing to verify that there are no free liquids present in the
final waste form (Paint Filter Liquids Test, SW-9095) and testing to determine
if the solidified material is a solid (Standard Test Method for Determining
Whether a Material is a Liquid or a Solid, ASTM D4359-84).

Additionally, adherence to the process formulation should also result in a final
product which is capable of passing durability testing and having acceptable
unconfined compressive strengths (in excess of 50 psi). ' The durability testing
includes Standard Test Methods for Freezing and Thawing Compacted Soil-Cement
Mixtures (ASTM D569-89) and the Standard Test Methods for Wetting and Drying
Compacted Soil-Cement Mixtures (ASTM D559-89).

3.4.1 CSS Binder Formulation
3.4.1.1 Lime/Cement/Flyash

The process formulation as deveioped in the laboratory for the blending of
pozzolan material is applicable for Pond 207C waste and for the combined waste
stream of the clarifier and Pond 207C. The pozzolan blend includes Type V
portland cement as specified by ASTM C-150 and Type C flyash as specified by ASTM
C-618. The pozzolan blend also includes high calcium hydrated lime (industrial
grade). The pozzolan blend is provided in Table 3-24.

TABLE 3-24

POZZOLAN BLEND FORMULA

Desired CSS Binder Acceptable Range for

Formulation CSS Binder Formulation
Waste Stream Cement /Flyash/Lime Cement/Flyash/Lime
Pond 207C 1/2/0.075 1/1.2/0.05 to
1/3.34/0.09
" Pond 207C and Clarifier 1/2/0.075 1/0/0.022 to 1/2/0.077 "
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3.4.1.2 Lime/Cement/Flyash Plus The Latex 2000 System

The pozzolan blend includes Type V portland cement as specified by ASTM C~150 and
Type C flyash as specified by ASTM C-618. The pozzolan blend also includes high
calcium hydrated lime (industrial grade). The pozzolan blend is provided Table
3-25.

TABLE 3-25

POZZOLAN BLEND FORMULA

Desired CSS Binder Acceptable Range for
Formulation CSS Binder Formulation
Waste Stream Cement/Flyash/Lime/Late | Cement/Flyash/Lime/Late
x x
Pond 207C 1/2/0.075/0.03 1/1.2/0.05/0.01 to
1/3.34/0.09/0.05
Pond 207C and Clarifier 1/2/0.072/0.03 1/2/0.066/0.01 to
1/2/0.078/0.05

The Latex 2000 System formulation includes Latex, D-Air-3, and Stabilizer 434B.
The same dosages can be used for both Pond 207C and the combined waste stream of
Pond 207C and the Clarifier. The Latex dosage is based on a weight percentage
of the cement. The desired dosage is 5 percent by weight; however, the dosage
can vary from 3 to 5 percent by weight of the cement. The testing conducted fbr
the laboratory did not evaluate various ranges for the dosages of D-Air-3 or
Stabilizer 434B. These additives were added at fixed percentages of the Latex.
D-Air-3 was added at 4 percent by weight of the Latex, and Stabilizer 434B was
added at 15 percent by weight of the Latex.

3.4.2 Operating Envelope (Water/Pozzolan Ratio and Waste lLoading)

The operating range consists of the water to pozzolan ratio, which is controlled
by the total solids in the waste stream. Additionally, the operating range will
include concentrations of total dissolved solids and total suspended solids which
should not be exceeded. It should be noted that exceedance of these levels will
not automatically result in failure of the certification criteria or the
engineering criteria, however laboratory testing has not been conducted at levels
above these concentrations to verify success.
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3.4.2.1 Operating Envelope for Pond 207C (Lime/Cement/Flyash)

The operating envelope for Pond 207C, as determined by testing in the Laboratory,
is based on maximum ranges for total dissolved solids (TDS), total suspended
solids (TSS), total solids (TS), and the corresponding water to pozzolan ratios.
The relationship between TDS and TSS is shown in Figure 3-1. The TDS and TSS
concentrations for Pond 207C must be within the cross-hatched area shown on
Figure 3-1, or fresh water must be added to dilute the TDS, or pond water added
to dilute the TSS. The water to pozzolan ratio was based on the total solids
concentration during the treatability study. However, during remediation, the
input specific gravity will be used to control the process (see Section 5.0 for
details on process control). The operating ranges for the water to pozzolan
ratios vs. TS, TDS, and TSS are shown in Figures 3-2, 3~3, and 3-4, respectively.
Review of Figures 3-2 through 3-4 indicate that the water to pozzolan ratio must
be between 0.34 and 0.50, but in some cases, 0.56 is acceptable (see section 3-
2).

The operating ranges shown in Figures 3-2, 3-3, and 3-4 represent the range of
testing conducted in the treatability study that successfully passed all of the
LDR criteria and performed in an acceptable fashion in the durability testing.
The operating ranges extend from the highest concentrations toward zero,
inferring that waste loadings below those tested will successfully pass all
criteria. The lower limits would represent wash down water.

3.4.2.2 Operating Range for Pond 207C and the Clarifier (Lime/Cement/Flyash)

The remediation of the clarifier will be conducted by blending the slurried
clarifier material with the slurried 207C material. Laboratory testing conducted
for the combined waste stream was based on adding the clarifier contents at a
maximum of 5.7 percent total suspended solids in the combined slurry. During
remediation the amount of clarifier contents added to the 207C slurry will be
dependent on the concentration of the TSS in the clarifier slurry such that the
maximum concentration of 5.7 percent is not exceeded and the combined stream does
not exceed 10 percent TSS. Higher concentrations can not be processed by the
RCM.

Once the clarifier contents are blended with the 207C slurry, analysis for TDS
and TSS should be conducted to verify that the concentrations are within the
operating range shown on Figure 3-5. If the concentration of either parameter
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exceeds the range on Figure 3-5, then dilution water should be added to reduce
the concentration to within the operating range. '

As for Pond 207C, the combined input slurry specific gravity will be determined
to control the process (see Section 5.0 for additional details). Operating
ranges for total solids, total dissolved solids, and total suspended solids vs.
water to pozzolan ratios are shown on Figures 3-6, 3-7, and 3-8, respectively.
These figures indicate that the acceptable water to pozzolan ratio varies between
0.34 and 0.50, while the waste loading operating ranges for TDS, TSS, and TS vary
between 0-34.6%, 0-11.6%, and 0-38.9%, respectively. Also, Figure 3-8 indicates
that the maximum TSS concentration from the clarifier is 5.7 percent.

3.4.2.3 Operating Range for Pond 207C (Lime/Cement/Flyash Plus Latex 2000)

The treatability testing for Pond 207C using the Latex 2000 System was conducted
in a similar manner as that described in Section 3.4.2.1. The operating range
for TDS and TSS is shown on Figure 3-9. The operating ranges for the water to
pozzolan ratios vs. TS, TDS, and TSS are shown in Figures 3-10, 3-11, and 3-12,
respectively.

3.4.2.4 Operating Range for Pond 207C and the Clarifier (Lime/Cement/Flyash Plus
Latex 2000)

The treatability testing for Pond 207C and the Clarifier using the Latex 2000
System was conducted in a similar manner as that described in Section 3.4.2.2.
The operating range for TDS and TSS is shown on Figure 3-13. The operating
ranges for the water to pozzolan ratios vs. TS, TDS, and TSS are shown in Figures
3-14, 3-15, and 3-16, respectively. '
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4.0 PHYSICAL PROPERTIES OF FORMULATIONS

During processing, the contents of the Pond 207C and the Clarifier will be mixed
with the pozzolans in a Halliburton Services Recirculating Mixer (RCM). The RCM
esgentially consists of an agitated tank into which the waste and the pozzolans
are added and vigorously mixed using a centrifugal pump in a recirculating line.
Enough pozzolans are added to the tank to achieve the desired mix-density. The
RCM also has an adjacent agitation tank into which the mixture overflows before

exiting the system as the output product.

The physical characteristics of the mixed formulation during the process of
mixing and subsequent process operations effect the material handling and mixer
design. This information is also essential to estimating mixing time and the
allowable time for operations at the casting station. The physical properties
of the cemented slurry fall in three significant categories for the purposes of

this discusgsion:

. Rheological Properties
. Dynamic and Static Parameters and
. Air Entrainment.

It has to be noted that all the tests described in this section used pozzolans
composed of 1 part Type V Cement, 2 parts Class C Flyash, and 0.075 parts
hydrated lime. The 207C sample used had a TDS of 33.1% and TSS of 7.4%. The
207C/Clarifier sample used had a TDS of 34.6% and TSS of 11.6%.

4.1 RHEOLOGICAL PROPERTIES

The rheological properties of the waste/pozzolan mixtures were examined to
ascertain the flow characteristics of the material in the RCM under applied
stress. The measurements were conducted using a Fann VG Meter which is a direct-
reading viscometer in which the mixture is sheared between two coaxial cylinders
- the bob and the sleeve. The dimensions of the rotor sleeve and the bob are
specified in API RP 13B. The shear stress (scale reading) is determined as a
function of the shear rate (from the speed of rotation). The instrument used for
our studies was the model with six rotation speeds. The instrument is calibrated
so that the dial reading at any fixed rpm setting gives the shear stress in
lbs/lOOft2 at that shear rate.
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The data obtained from the Fann VG Meter studies are shown in Figure 4.1. The
studies on Pond 207C were conducted at different water to pozzolan ratios. As
can be seen from the graph, the shear stress increases as the water content of

the mixture goes down.

The almost linear plots in the figure indicate that the Bingham Plastic Model
gives a reasonable description of the fluid. As the water to pozzolan ratio
increases, the curves become more linear. It has to be noted though that the
readings at very low pozzolan concentrations should be ignored since they were

unduly influenced by the thixotropic nature of the slurry.

The Bingham Plastic model is the rheological model that is most used when dealing
with cement slurries. It is the simplest model for non-Newtonian fluids. The
data from the Fann VG meter was used to obtain the two parameters in the Bingham
Plastic Model - Plastic Viscosity (PV) and Yield Point (YP).

Plastic Viscosity is that part of the resistance to flow caused by mechanical

friction. It is principally affected by

. the solids concentrations
. the size and shape of the solids and
. the viscosity of the fluid phase.

Yield Point is that part of the resistance to flow caused by the attractive force
between the particles. This attractive force is caused by the charges on the
surface of the particles dispersed in the fluid phase. This force is dependent
on

. the type of sclids and surface charge associated with them
. the amount of solids and
° the concentration of salts contained in the fluid phase.

The Plastic Viscosities and the Yield Points of the various mixtures studied are

shown in Table 4-1.
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Figure 4.1 FANN DATA ON RHEOLOGIES
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TABLE 4-1

RHEOLOGICAL PROPERTIES OF 207C/CLARIFIER MIXES

Frormulation Plastic Viscosity Yield Point

Pond 207C 114 176
Water /Pozzolan =0.34

Pond 207C 80 120
Water /Pozzolan =0,42

Pond 207C 76 98
Water /Pozzolan =0.50

Pond 207C/Clarifier 98 128
Water /Pozzolan =0.42

The main significance of the information in Table 4-1 was to enable the
production of surrogates which could be used to conduct field tests with the
equipment to be used for processing. Field tests conducted in Duncan, OK have
successfully demonstrated the use of the RCM for the mixing requirements of the

formulation on surrogate wastes.
4.2 DYNAMIC AND STATIC PARAMETERS

Studies were also conducted to characterize the setting behavior of the
formulations and the time taken to achieve setting. The gelling characteristics
were studied under both dynamic and static conditions. Dynamic conditions are
designed to represent normal process operating conditions and static conditions

similar to what would be encountered during emergency shut-downs.

Pumping times

The time period after mixing within which the waste mixed with the pozzolans can
be pumped ig a critical design parameter. It is generally accepted that a slurry
becomes unpumpable when the consistency reaches 70 units. The period of time
from the start of a test until 70 units of consistency is reached is referred to
as the pumping time. It is an estimate of the workable fluid life of the slurry.
Obviously, the actual job time should be less than the pumping time and safety

factors of 30% to 50% are common.

The pumping times of the formulations were measured using a Halliburton
Atmospheric Consistometer. The instrument essentially consists of a container

Deliverable (Combined) 235A and 235B
POND 207C AND CLARIFIER -
TREATABILITY STUDY REPORT 4-4
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in which the slurry is continuously mixed with a paddle. As the slurry viscosity
increases, the drag encountered by the paddle is measured by a calibrated spring

and is registered as units of slurry consistency.

The consistency-time curves under Dynamic conditions for the 207C and the
207C/Clarifier slurries are shown in Figures 4.2 and 4.3. The slurry initially
has a fairly low consistency. With time, this value usually drops a little more.
It then proceeds to increase gradually. At some point the rate of increase of
consistency becomes highly accelerated such that the curve is very steep. The
low water slurries tested (water to pozzolan ratio of 0.34) had their sharp
breaks in the curve after two hours. At the water to pozzolan ratio of 0.50, the
207C slurry reached its breakpoint after 4.5 hours and the 207C/Clarifier slurry
after 10 hours. As ig reasonable to expect, the allowable pumping times decrease

as the water content in the slurry is reduced.

Static Gel Strengths

According to API RP 13B, two values are indicative of the static gel strength,
the 10 second gel strength (Initial Gel Strength) and the 10-minute gel strength,
and are determined using the Fann VG meter.

The static gel strengths give an indication of the rate of gel strength
development after the slurry has been mixed and allowed to remain static. The

static gel strengths of several of the formulations are listed in Table 4-2.

TABLE 4-2

STATIC GEL STRENGTHS OF 207C/CLARIFIER MIXES

Initial Gel 10-Minute Gel
Strength Strength2

Waste Matrix Formulation (1bs/100£t2) (1bs/100£t?)
Pond 207C 70 410
Water /Pozzolan =0.34
Pond 207C 54 360
Water/Pozzolan =0.42
Pond 207C 44 350
Water /Pozzolan =0.50
Pond 207C/Clarifier 40 144
Water /Pozzolan =0.42

Deliverabie (Combined) 235A and 235B
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The large difference between the initial gel strengths and the 10-minute gel
strengths indicates that the slurries develop gel strength rapidly during static
periods. This information is important in determining the horsepower required
to move the slurry in case of an unplanned job shutdown. The Pond 207C slurries
set up slower as the water content increases, although the slow-down is only
marginal. In comparison, the static set up time for the 207C/Clarifier mixture
is much longer than that for just 207cC. ‘

4.3 ENTRAPPED AIR

The entrapment of air during the mixing of the waste slurry with the pozzolans
in the RCM was simulated in the laboratory as part of the treatability studies.
The RCM mixing was simulated in the laboratory with a Waring blender using a
testing methodology developed by Halliburton Services Completions Research and

Engineering Department.

The air entrapped in the various formulations was measured using a mud scale with
a pressurizing plunger to squeeze the entrapped air from the slurry samples.
Table 4-3 lists the percent air (by volume) entrapped in each of the formulations

when subjected to mixing similar to that in an RCM.

TABLE 4-3

ENTRAPPED AIR IN CEMENTED PRODUCT

Waste Matrix Water/Pozzolan Ratio $ Air in Slurry
207¢C 0.34 2.64
207C 0.50 4.57
207C 0.34 3.33
207C/clarifier 0.50 4.39

The percent air entrapped in all these samples are well within what would be
normally observed in regular concrete work. Typically, acceptable ranges vary
from 6 to 10% air for concrete that contains aggregate 10 mesh or less in size
(Portland Cement Association, 1979). In any event, if the need for deaerating
chemicals may arise during the actual field operations, the addition of those
chemicals in the formulations have been successfully demonstrated as detailed in
Section 3.0.

Deliverable (Combined) 235A and 2358
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During field operations, the entrapped air in the system will be measured several
times a day to accommodate for its influence on the density of the product. It
ig expected that the presence of a certain amount of entrapped air in the product
may have a beneficial influence by providing a limited amount of freeze/thaw
protection. This protection is less than what would be expected for entrained
air. Air entrained concrete, which is produced through the use of an air
entraining admixture, consists of fine bubbles that are uniformly displaced
throughout the concrete. Entrapped air is typically larger in size than
entrained air and can be detrimental to concrete if present in very large

gquantities.
4.4 SPECIFIC CONDUCTANCE VS. TDS FOR POND 207C WATER

In order to obtain a rapid estimation of the Total Dissolved Solids (TDS) in the
207C pond mixture, specific conductance measurements will be made. Tests were
performed in the laboratory tb determine the relationship between the specific
conductance and percent TDS of Pond 207C water. A saturated 207C water sample
with no suspended solids was prepared and analyzed. This sample was then diluted
from its saturated state of 40.3% TDS to 30.2%, 20.1%, 15.1%, 10.1%, and 5.0%
TDS, and the corresponding specific conductance determined. These data are

summarized on Table 4-4.

Figure 4-4 graphically presents the relationship between percent TDS and specific
conductance. At the higher TDS levels (>30%), accurate readings for specific
conductance on 207C water are difficult to obtain (See Table 4-4). The graph
shows an estimated protection for the specific conductance values above 30% TDS.

Deliverable (Combined) 235A and 2358
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TABLE 4-4

SPECIFIC CONDUCTANCE VS. TDS
POND 207C WATER

specific Conductance(®)

Sample Specific Gravity DS (umhos/cm)

1 1.035¢) 5,05V 69,000

2 1.073¢D 10.1%M 110,000

3 1.113¢D 15.1%) 140,000

4 1.157¢) 20.1%¢1 160,000

5 1,257 30.2%¢ " 170,000

6 1.365¢2 40,3 160,000

7 1.365¢2 40.3%(® 170,000

(Duplicate)

(1) Calculated values based on dilution of concentrated sample.
(2) Laboratory Analytical Data.

Deliverable (Combined) 235A and 2358
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5§.0 PROCESS CONTROL PHILOSOPHY

The results of the treatability testing for the treatment of 207C and 207C/
Clarifier waste as explained in the previous sections have to be utilized to
develop an operational process defined by an envelope, and effectively controlled
within it, to produce a certifiable product. This section summarizes the
operational envelope from a process control standpoint and details the control

philosophy on which basis the process will be operated.
5.1 OPERATIONAL ENVELOPE

To produce a certifiable product, the gtabilization operation has to be conducted
within a process operating envelope which has been proven in the laboratory.
HALLIBURTON NUS has developed recipes that have passed all Land Disposal
Restriction, free liguids, and Department of Transportation requirements. 1In
addition to meeting the regulatory requirements, the cited recipes have also
performed satisfactorily in durability tests using ASTM wet/dry and freeze/thaw
procedures.

The recipes are based on a specified amount of pozzolans to be added to the waste
stream such that the ratio of free water to pozzolans falls within a defined
regime. Free water has been defined as the total mass of water in the slurry
less the total solids. The pozzolans are to be pre-blended in a fixed ratio of
cement to flyash to lime. Pozzolans are defined in the context of this process
as mixtures of cement, flyash, and lime which when combined with water in the
correct ratio forms a solidified waste product. The other parameters that are
necessary to provide a complete definition of the operating envelope are TSS
(Total Suspended Solids) and TDS (Total Dissolved Solids) of the waste stream.
The Total Solids (TS) referred to in this document includes both TSS and TDS.

5.1.1 Sample Calculation of Pozzolan Requirement

1

For a slurry with Total Solids (TS) 32%,

Free Water in Slurry = 100-TS 100-32 = 68%

i

To achieve a water to pozzolan ratio of 0.42,

For 100 gms of slurry, the amount of pozzolans that have to be added would
be:

Pozzolans = Free Water + 0.42 = 68 gms + 0.42 = 161.9 gms
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The pozzoclans would be pre-blended in the cement:flyash:lime ratios indicated in
the recipes.

5.1.2 Operational Envelope for Pond 207C Slurry

The envelope for recipe formulation for stabilization of the contents of Pond
207C is shown in Figures 3-1 to 3~3. 1In order to consolidate the information in
the form of a table (Table 5-1), some of the data has been intentionally left
out. It has to be remembered that the true envelope is broader than what is
indicated by Table 5-1.

Table 5-1 Operational Envelope for Pond 207C

J—
Water /Pozzolan Ratio 0.34 to 0.50

Upper Limit for TS8S in Input Slurry 17.2% )

Upper Limit for TDS in Input Slurry 40.4%

Pozzolan Composition: 1:2:0.075

Cement:Flyash:Lime '/ébwif
T5
) -~

— "{'7'1 70,’;19,%%
U}/ ¢

The operational upper limits for TSS and TDS indicated in Table 5-1 are those
limits on the input slurry below which the output product would be certifiable.
The operational range for the water to pozzolan ratio is the regime within which
the output product is certifiable. However, the process will be operated at the
mid-point of the range defined by the envelope (i.e. at a water to pozzolan ratio
of 0.42).

5.1.3 Operational Envelope for 207C/cClarifier Slurry

The envelope for recipe formulation for stabilization of the mixture of Pond 207C
and Clarifier contents is shown in Figures 3-5 to 3-8. The operational envelope
is also tabulated in Table 5-2. Here again, due to the limitations of the format
in which it is presented, the table reduces the scope of‘the operating envelope.
It has to be remembered that the true envelope is broader than what is indicated
by Table 5-2. The difference between this and the 207C recipe shown in Table 5-1
is that for the 207C/Clarifier slurry, in addition to the upper limits for TDS
and TSS, the envelope has an upper limit of Clarifier TSS.



Table 5-2 Operational Envelope for Pond 207C/Clarifier

Water /Pozzolan Ratio 0.34 to 0.50
Upper Limit for Total TEE in Input Slurry 11.6%
Upper Limit for Clarifier TSS in Input Slurry 5.7%
Upper Limit for TDS in Input Slurry 34.6% 15
Pozzolan Composition: 1:2:0.075
Cement:Flyash:Lime

As in the case of the 207C Process, it has been decided to operate the
207¢/Clarifier process at the mid-point of the water to pozzolan ratio range that

is permitted by the envelope (i.e. a water to pozzolan ratio of 0.42).
5.2 CONTROL CONCEPTS

To maintain adherence to the operating envelope proven in the laboratory and
outlined in Section 5.1, a scheme has been developed to maintain effective
process control for 207C and 207C/Clarifier processing. This section summarizes

the objectives and the philosophy of control.

5.2.1 Control Objectives

The principal process control objective is to accurately mix the contents of Pond
207C and 207C/Clarifier with pozzolans such that a water to pozzolan ratio of
0.42 can be maintained. It is also required that the TDS and TSS of the input
slurry be maintained below the upper limits defined by the operating envelope.

5.2.2 Control Options

5.2.2.1 Method of Control

Two options exist as to the method of control that can be exercised to achieve

the stated objective.
Option 1 Feed-forward Control

A feed-forward control scheme would involve addition of a measured amount
of pozzolans to the mixing tank to produce a mix at the desired water to
pozzolan ratio. This could be accomplished by volumetric or gravimetric

solids feed systems.
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Option 2 Feedback Control

A feedback control scheme would involve control of the pozzolan addition
by measuring the amount of it present in the output slurry. This is a far
more effective and precise method to control the process.

5.2.2.2 Method of Measurement

The two critical measurements that need to be made for effective feedback control

are the defining parameters for the input and output slurry.
Several options exist for parametric measurements to define the input slurry.

Option 1 Water Content Measurement

The ideal parameter to control would be the water content of the input
slurry. However, no reliable technology exists to conduct this
measurement.

Option 2 Total Solids Measurement

Obtaining the Total Solids measurement from individual Total Dissolved
Solids and Total Suspended Solids measurement devices would indirectly
provide the water content of the slurry. However, the incremental error
involved in computing a value obtained from two separate devices

discourages this option.

Option 3 Specific Gravity Measurement

The Halliburton Nuclear Densimeter provides reliable specific gravity
measurements that are accurate to within 1%. The specific gravity of the
slurry is an indirect measure of the water content of the slurry.
However, as shown in Section 5.3.2, although water content and slurry
specific gravity are almost directly proportional to each other, they are

not exactly so.

There are not as many options to measure a defining parameter of the output
slurry. Measuring the specific gravity of the output slurry using the densimeter

seems to be the only consistently reliable and proven option available.

In the light of the above discussion, it is reasonable to choose a feedback
scheme for process control of the Pond 207C and 207C/Clarifier process, with

5-4



specific gravity being the defining parameter of the input and output slurries.

v

5.2.3 Control Philosophy

The 207C and the 207c¢/Clarifier waste forms contain suspended and dissolved
solids. Water makes up the remainder of the waste. To produce a waste form that
is certifiable, pozzolans have to be added to the waste to achieve a water to
pozzolan ratio of 0.42. The water to pozzolan ratio will be maintained in this
process by measuring the input slurry specific gravity and controlling the output
slurry specific gravity.

The waste form will be consolidated and homogenized in batch tanks after lowering
the TDS and TSS to within acceptable limits. The homogenized slurry will have
a specific gravity which can be measured using a densimeter. The specific
gravity will be dependent on the amount of TDS and TSS in the slurry. The input
slurry specific gravity can alsc be related to the water content in the.slurry.

When the waste slurry is mixed with pozzolans in a water to pozzolan ratio of
0.42, the specific gravity of the resulting mix is dependent on the pozzolan
specific gravity. Thus the input slurry specific gravity (by virtue of its
relationship with water content) can be related to the output product specific

gravity. It is demonstrated in subsequent sections that the calculated output

specific gravity value matches the values obtained in the laboratory. Thus an
output product specific gravity can be calculated for the input slurry specific

gravity for a given water to pozzolan ratio.

The RCM mixes the waste slurry with the pozzolans using an automatic control
system which controls the pozzolan addition by means of a throttle valve to
achieve any desired output product specific gravity. The Automatic Density
Controller of the RCM utilizes the slurry feed rate and the calculated output
specific gravity set-point to regulate pozzolan addition. This effectively
provides the feedback control scheme utilizing input and output slurry densities.

5.3 MECHANISM OF PROCESS CONTROL
This section provides details on the various steps involved in the control of the
207C Process. It also provides the backing for the concepts outlined in Section

5.2.

For control purposes, the process can be segmented into:



L Preparation of the waste slurry such that it is within the
permissible limits for TSS and TDS as set by the operational
envelope in Section 3.0

. Measurement of the specific gravity of the input waste slurry to the
RCM

. Computation of the set-point for the RCM output slurry specific
gravity

. Control of the output slurry specific gravity using the Automatic

Density Controller (ADC) of the RCM.

5.3.1 Preparation of Waste Slurry

The waste will initially have to be converted into a treatable form as defined
by the operational envelope. The contents of Pond 207C will be transferred into
averaging tanks, located near the pond, where the TSS will be maintained below
the upper limit by the addition of water from the pond itself, and TDS will be
maintained below the upper limit by the addition of water from a fresh water
source.

This slurry from the averaging tanks will be transferred to two sets of batch
tank pairs. The slurry will be recirculated in a set of batch tanks before it
is fed to the RCM. Before the slurry leaves the batch tanks, a final
confirmation will be made that the TDS and TSS values are below the upper limits.
Fresh water, for dilution, will be added to the batch tanks if it is deemed
necessary.

The Clarifier contents can be added to the 207C slurry such that the TSS
contribution from the Clarifier does not exceed the upper limits defined in the

process envelope described in Section 5.1.3.

5.3.2 specific gravity of Input Waste Slurry

The specific gravity of the waste slurry prepared in the batch tanks will be
measured in the batch tank instrument loop. This value is critical for process
control and will be measured for each batch.

Each batch will be recirculated between the tanks to achieve homogenization.
When the slurry is completely homogenized, the slurry specific gravity
measurement will reach a steady value. The specific gravity of the slurry
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mixture entering the RCM will be dependent on the amount of dissolved salts (TDS)
and silt (TSS).

The average specific gravities of the salt and silt in Pond 207C and that of the
silt in the Clarifier are detailed in Table 5-3, These values were obtained from
laboratory experiments. Details on how these values were obtained are provided
in Attachment G.

Table 5-3 SPECIFIC GRAVITIES OF SALT/SILT

Apparent Specific Gravity of dissolved Pond 207C Salt 3.10
Specific Gravity of Pond 207C Silt 2.23
Specific Gravity of Clarifier Silt 2.73

Figure 5-1 shows the slurry specific gravity at various combinations of TDS and
TSS for Pond 207C in the operating region of the process. As can be expected,
the densities of the slurries increase with increasing amounts of TDS and TSS.
A similar relationship exists for the 207C/Clarifier slurry. 1In the case of the
207c¢/Clarifier slurry, the slurry specific gravity will be dependent on the
amount of Clarifier TSS which is part of the total TSS.

Figures 5-2 and 5-3 show that regardless of the individual contributions of TSS
and TDS, the specific gravity of the slurry is proportional to the water content
of the slurry. Although not perfect, for all practical purposes, the
relationship is linear.

5.3.3 Specific Gravity of Qutput Cemented Slurry

The specific gravity of the waste slurry entering the RCM will be used to set the
specific gravity of the output cemented product at a given water to pozzolan
ratio. The ADC of the RCM will add enough pozzolans to the RCM such that the
specific gravity of the output product will be maintained at any desired set-
point.

The specific gravity of the output slurry can be calculated precisely, based on
the specific gravity of its components (TDS, TSS and the Pozzolans) and their
respective compositions. This value will be the set-point to which the Automatic
Density Controller of the RCM will effect control.



Figure 5-1 INPUT SLURRY SPECIFIC
GRAVITY FOR POND 207C
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Figure 5-2 INPUT SLURRY SP. GRAVITY AS
A FUNCTION OF WATER CONTENT AND % TSS
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Figure 5-3 INPUT SLURRY SP. GRAVITY AS
A FUNCTION OF WATER CONTENT AND %TDS
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The output slurry specific gravity will therefore depend on:

. the specific gravity of the incoming slurry
. the specific gravity of the pozzolan mixture and
. the water to pozzolan ratio at which the process is being conducted.

The specific gravities of the output product for 207C processing for a range of
dissolved and suspended solids loadings has been calculated and is shown in
Figure 5-4. The specific gravity of pozzolans used in these calculations is 2.9.
Figure 5-4 represents linear fits of a range of computed values over three

different water to pozzolan ratios.

Figure 5-5 shows the same relationship for the 207C/Clarifier slurry. Since the
207C¢/Clarifier mixture can have varying amounts of TSS contributions from each,
the figure represents a case where the TSS contributions from 207C and Clarifier
are 1:1.

5.3.4 Computation of Output Product Specific Gravity Set-point

As mentioned in the previous section, the lines in Figure 5-4 represent the
output specific gravities for 207C waste over a range of input slurry densities
using pozzolans with a specific gravity of 2.9. Similar graphs can be generated

for different pozzolan specific gravities.
To cover all possible variations of pozzolan specific gravity, input slurry
specific gravity and water to pozzolan ratios, the following equation (Equation

1) was developed for the output slurry specific gravity.

EQUATION 1

Output Specific Gravity ABC(0.11812) - BC(0.10007) + AC(0.336412) +
C(0.357566) - AB(0.670010) + B(0.614441) +
A(0.1301930) . + 0.477074

where Water to Pozzolan ratio
Specific Gravity of Pozzolans

Specific Gravity of Input Slurry

oWy
nnn

Lab data confirmed the above equation. The comparison between the measured and
calculated values is tabulated in Table 5-4.
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Figure 54 OUTPUT SLURRY SPECIFIC

GRAVITY FOR POND 207C
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Figure 5-5 OUTPUT SLURRY SP. GRAVITY
FOR 207C/CLARIFIER (1:1 TSS)
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TABLE 5-4 COMPARISON OF EQUATION

1 WITH LAB DATA

Input Calculated Measured
w/p Pozzolan Slurry Output Output Sp. %

Ratio Sp. Gr. Sp. Gr. Sp.Gr. Gr. Difference |
0.42 2.9 1.000 1.850 1.869 1.0
0.34 2.9 1.222 2.007 2.001 '-o,Sﬁf
0.42 2.9 1.222 1.928 1.917 40.5"
0.50 2.9 1.222 1.850 1.821 -1.5
0.34 2.9 1.302 2.031 2.013 -0.9
0.42 2.9 1.302 1.957 1.965 0.4
0.50 2.9 1.302 1.882 1.917
0.34 2.9 1.336 2.041 2.037
0.42 2.9 1.336 1.969 1.941
0.50 2.9 1.336 1.896 1.905

Since the process will be conducted at a water to pozzolan ratio of 0.42, output

specific gravity can be expressed using the following simpler equation (Equation

2).

EQUATION 2

Output Specific Gravity

= - BC(0.04956) + C(0.499774) +

0.536386
where B = Specific Gravity of Pozzolans
C = Specific Gravity of Input Slurry

B(0.3283) +

The values computed using Equation 2 match well with the values measured in the
laboratory, as shown in Table 5-5.

TABLE 5-5 COMPARISON OF EQUATION 2 WITH LAB DATA

Input Calculated Measured
Pozzolan Slurry Output Sp. Output Sp. %
Sp. Gr. Sp. Gr. Gr. Gr. Difference

0.42 , .

2.9 1.000 1.845 1.869 1.3
0.42 2.9 1.222 1.924 1.917 -0.3
0.42 2.9 1.302 1.952 1.965 0.7
0.42 2.9 1.336 1.964 1.941 -1.2




Since the pozzolan specific gravity cannot be expected to remain exactly the same
over the duration of the process, further simplification of the equation may not
be possible.

An equation was also developed for the 207C/Clarifier mix. It covers all
possible variations of pozzolan specific gravity, input slurry densities, and the
percentage of Clarifier TSS that is part of the total TSS of the input slurry.
This equation was developed using the same approach used to develop Eguations 1
and 2. To simplify the equation, it was developed at a fixed water to pozzolan
ratio of 0.42.

EQUATION 3

Output Specific Gravity = BCD(6.05E-5) - CD(6.009E-5) - BC(4.97064E-2)
+ C€(5.00935E-2) - BD(4.581E-5) + D(4.28289E-
5) + B(3.28466E-1) + 5.34832E-1

where Specific Gravity of Pozzolans

Specific Gravity of Input Slurry

% of Clarifier TSS that is part of Total TSS

ocaw
nian

The output specific gravity set-point computed by either Equations 1, 2, or 3
will be entered into the Automatic Density Controller of the RCM for process
operations. The bases for derivation of these equations are included in
Attachment G.

A correction factor for air entrapment will have to be applied to the computed

value as explained in the next section.

5.3.5 Adjustment for Entrapped Air

Mixing in the RCM introduces air into the cement slurry. This entrapped air can
be measured using a pressurized mud balance, which effectively measures the
specific gravity of the slurry after squeezing out all the entrapped air. The
air introduced into the slurry by the RCM will be measured occasionally to set

the correction factor to compute the actual output specific gravity set-point.

For instance, for a product with 5% entrapped air,

Actual Sp. Gr. Set-point = Calculated Specific Gravity Set-point + 1.05

5-15



The amount of entrapped air in the product is not expected to vary significantly
during the process. It is recommended that the test to measure entrapped air be
measured once every batch. If there is no significant variation in this value

from batch to batch, the measurement can be reduced to once every operating day.

It is also possible that due to the intense agitation performed at the batch
tanks, air might be introduced into the input slurry. This would have to be
determined during the hot test and might result in the application of a

correction factor to the input slurry specific gravity.
5.3.6 Sensitivity of Control

The critical parameter on which the entire process is controlled is the specific
gravity of the output product. This output specific gravity is sensitive to the
usual factors such as measurement and instrumentation. In addition, the two
parameters that have the most critical bearing on the product specific gravity
are:

°« specific gravity of solids in the waste (dissolved and
suspended)
. specific gravity of the pozzolans.

The specific gravity of the solids in the waste is not a parameter that can be
subjected to external control, while that of the pozzolans added to the mix is.
In this context, a sensitivity analysis was conducted to examine the dependence

of the output product specific gravity on the two parameters.

Figure 5-6 shows the impact of the change in specific gravity of the TSS, TDS and
the Pozzolans when the Pond 207C waste is stabilized. For purposes of this
example, a 30% TDS, 10% TSS slurry was combined with the pozzolans at a water to
pozzolan ratio of 0.42. As can be seen, the impact of specific gravity
variations in the TSS and TDS of the waste are almost negligible while that of
the Pozzolans is quite substantial.

This means that the process is insensitive to wide variations of the input slurry
contents as long as the upper limits of TSS and TDS are maintained. It also
shows that the pozzolan specific gravity has to be measured for each delivery to
RFP in order to compute the output gpecific gravity set-point. The calculations
described above were at a fairly high solids loading; the process would be even
less sensitive to specific gravity variations in the input waste components (TSS

and TDS) at lower solids loadings.



Figure 5-6 IMPACT OF SP. GRAVITIES OF
INPUT COMPONENTS ON OUTPUT SP. GRAVITY
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6.0 CONCLUSIONS

The objective of the treatability study was to develop a CSS formula for Pond
207C and the Clarifier such that the final solidified waste meets all necessary
regulatory requirements for ultimate land disposal at the Nevada Test Site. The
regulatory requirements include all federal and state regulations governing
hazardous wastes and the requirements in the "Nevada Test Site Defense Waste
Acceptance Criteria, Certification, and Transfer Requirements, " NVO-325, for low~
level mixed waste.

The primary regulatory requirements evaluated during the treatability study
included treatment standards for the Land Disposal Restrictions (LDR) as
regulated by 40 CFR Part 268, and the treatment standards for RCRA
characteristic wastes for toxicity as regulated by 40 CFR Part 261. The hazardous
waste codes that are applicable to Pond 207C and the Clarifier include FO0O01,
F002, F003, FO05, FO06, F007, FO09, D004, D006, and D007 (D004 and DO0O7 are only
applicable to Pond 207C water). Additionally, testing was conducted to verify
that the golidified waste had no free liquids after a 28-day cure and that the
solidified material would be considered a solid in accordance with Department of
Transportation requirements.

Another goal of the treatability study was to provide analytical data that meets
a data quality objective (DQO) equivalent to CLP level IV, which is considered
to be legally defensible. All of the analytical testing that was necessary for
NTS acceptance was performed at DQO level IV. This data was also validated,

which is an independent quality assurance check of the laboratory results.

Additional testing conducted on the stabilized waste included freeze/thaw and
wet /dry durability testing. These tests were conducted to evaluate the effects
of variations in the environment on the stabilized waste. Evaluation of these
criteria were considered because of the possibility that the material will be

stored at Rocky Flats for a significant time period before ultimate disposal at
NTS.

6.1 Conclusions for Pond 207C

The conclusions stated in this section are based on the testing conducted during
the treatability study.

Deliverable (Combined) 235A and 235B
POND 207B AND CLARIFIER
TREATABILITY STUDY REPORT 6-1



Chlorination

Disinfection of Pond 207C waste is required for eventual certification of the
stabilized waste form.

All Pond 207C waste material was chlorinated using 2000 ppm of calcium
hypochlorite prior to solidification. The use of 2000 ppm of calcium
hypochlorite for disinfection will provide in excess of 1 ppm of residual
chlorine after 30 minutes which is a typical requirement for sewage wastewater
disinfection. Additionally, the blending of pozzolans with the waste streams
will increase the pH of the mixture to above 12.0 S.U., which will provide
further disinfection. The combination of the calcium hypochlorite and the pH
condition of greater than 12.0 S.U. should provide adequate disinfection of any
pathogens that may have been present from past discharges of sewage sludge to the
solar ponds.

CSS Binder Formulation

The selected CSS binder formulation for Pond 207C slurry includes Type V Portland
cement, Type C flyash, plus hydrated lime. Testing also evaluated the use of the
Halliburton Services Latex 2000 System to determine if its use would improve
durability performance. Formulations with or without the addition of Latex meet
all of the regulatory acceptance criteria (LDR standards and free liquid testing)
therefore, the addition of Latex is not required to meet these criteria. The
addition of Latex appears to produce a final product which has better resistance
to the wet/dry and freeze/thaw durability testing based on observations from the
petrographic analysis. Cylinders with dosages of 3 and 5 percent latex (by
weight of the cement) had less crystal growth, less microcracks, and better
cement hydration compared to cylinders prepared without the latex.

Pozzolan Blend

The selected CSS formulation of cement, flyash, and lime is a weight ratio of
1.0/2.0/0.075. Testing indicated that the €SS formulation is not extremely
sensitive to the ratio of these components, which can vary from 1.0/1.2/0.05 to
1.0/3.34/0.09 and still successfully achieve all regulatory criteria and NTS
acceptance criteria.

Deliverable (Combined) 235A and 2358
POND 207B AND CLARIFIER
TREATABILITY STUDY REPORT 6-2



Water to Pozzolan Ratio

Testing was successful on water to pozzolan ratios which varied from 0.34 to
0.56. The mixes prepared at these water to pozzolan ratios passed all
certification criteria (LDR compliance and no free 1liquids) and performed
adequately in the durability testing. For the treatability testing, pozzolan was
defined as the sum of cement and flyash. During remediation, a slight variation
in the water to pozzolan ratio will be required to account for the lime portion

in the pozzolan blend.

Waste Loading

The waste loading parameters of concern were total solids, total dissolved
solids, and total suspended solids. Testing on waste with total solids that
varied from 35.0 to 49.1 percent, total dissolﬁed solids that varied from 27.3
to 40.4 percent, and total suspended solids that varied form 0.89 to 17.2 percent
successfully passed all regulatory criteria and performed adequately in the
durability testing. These parameters must be considered in conjunction with
each other, and are not independent of one another. During remediation, it will
be necessary to monitor these parameters to assure that the maximum
concentrations which were tested in the treatability study are not exceeded
during waste processing. The treatability study results indicate that the CSS§
formulation will produce a final product which meets all regulatory requirements
if the waste loadings are maintained within the above ranges. ‘

Procegs Control Philosophy

The key process control parameters during the treatability testing were total
solids, total dissolved solids, total suspended solids, and water to pozzolan
ratio. The relationships between these parameters have been depicted graphically
in Figures 3-1 to 3-4. To ensure that the solidified waste product can be
certified, waste processing must comply with the conditions shown in Figures 3-
1, 3-2, 3-3, and 3-4.

During remediation, the process will be controlled by monitoring the input and
output slurry specific gravities. The input specific gravity corresponds to a
total solids and water content, which at a specified water to pozzolan ratio,
determines the required specific gravity of the output. The nuclear densometer
on the RCM continuously monitors the output specific gravity and makes any
necessary adjustments to the pozzolan feed to maintain the output specific

Deliverable (Combined) 235A and 235B
POND 207B AND CLARIFIER
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gravity to within 1% of the set point.

Requlatory Compliance

Based on the analytical results from the treatability study, it is concluded that
if the treatment process is operated within the stated conditions for
chlorination, CSS binder formulation, water to pozzolan ratio, and waste loading,
then the final solidified waste should comply with all acceptance criteria. The
acceptance criteria include the following:

. Pass all LDR requirements for FO001l, F002, F003, F005, FO006, FO007,
and FO009 listed wastes as regulated by 40 CFR Part 268.

. Pass the requirements for characteristic wastes by toxicity for
D004, D006, and D007 as regulated by 40 CFR Part 261.

° The final waste form shall be considered a solid as determined by
the Standard Test Method for Determining Whether a Material is a

Ligquid or a Solid (ASTM D4359-84).

. The final waste form should have no free liquids as determined by
the Paint Filter Liquids Test (SW846, Method 9095).

) The final waste form should achieve acceptable strength as measured
by unconfined compressive strength (UCS).

o The final waste form should be adequately disinfected.

6.2 Conclusions for Pond 207C and Clarifier

The conclusions stated in this section are based on the testing conducted during
the treatability study.

Chlorination

Disinfection of Pond 207C and clarifier waste is required for eventual
certification of the stabilized waste form.

All Pond 207C and clarifier waste material was chlorinated using 2000 ppm of
calcium hypochlorite prior to solidification. The use of 2000 ppm of calcium

Deliverable (Combined) 235A and 235B
POND 207B AND CLARIFIER
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hypochlorite for disinfection will provide in excess of 1 ppm of residual
chlorine after 30 minutes, which is a typical requirement for sewage wastewater
disinfection. Additionally, the blending of pozzolans with the waste streams
will increase the pH of the mixture to above 12,0 S.U., which will provide
further disinfection. The combination of the calcium hypochlorite and the pH
condition of greater than 12.0 S.U. should provide adequate disinfection of any
pathogens that may have been present from past discharges of sewage sludge to the
solar ponds.

CSS Binder Formulation

»

The selected CSS binder formulation for the Pond 207C and clarifier waste stream
includes Type V Portland cement, Type C flyash, and hydrated lime. Testing also
evaluated the use of the Halliburton Services Latex 2000 System to determine if
its use would improve durability performance. Formulations with or without the
addition of Latex meet all of the regulatory acceptance criteria (LDR standards
and free liquid testing), therefore, the addition of Latex is not required to
meet these criteria. The addition of Latex appears to produce a final product
which has better resistance to the wet/dry and freeze/thaw durability testing
based on observations from the petrographic analysis. Cylinders with dosages of
3 and 5 percent latex (by weight of the cement) had less crystal growth, less
microcracks, and better cement hydration compared to cylinders prepared without
the latex.

Pozzolan Blend

The selected pozzolan blend for cement, flyash, and lime is a weight ratio of
1.0/2.0/0.075. Testing indicated that the €SS formulation is not extremely
sensitive to the pozzolan blend, which can vary from 1.0/0/0.022 to 1.0/2.0/0.077
and still successfully achieve all regulatory criteria and NTS acceptance
criteria.

Water to Pozzolan Ratio

Testing was successful on water to pozzolan ratios which varied from 0.34 to
0.50. The mixes prepared at these water to pozzolan ratios passed all
certification criteria (LDR compliance and no free 1liquid) and performed
adequately in the durability testing. For the treatability testing, pozzolan was
defined as the sum of cement and flyash. During remediation, a slight variation
in the water to pozzolan ratio will be required to account for the lime portion

Deliverable (Combined) 235A and 235B
POND 2078 AND CLARIFIER
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in the pozzolan blend.

Waste Loading

The waste loading parameters of concern during the treatability study were total
solids, total dissolved solids, and total suspended solids. Testing on waste
with total solids that varied from 33.8 to 38.9 percent, total dissolved solids
that varied from 27.7 to 34.6 percent, and total suspended solids that varied
from 11.0 to 11.6 percent successfully passed all regulatory criteria and
performed adequately in the durability testing. Additionally, the maximum
suspended solids contribution from the clarifier is 5.7 percent. These
parameters must be considered in conjunction with each other, and are not
independent of one another. During remediation it will be necessary to monitor
these parameters to assure that the maximum concentration which were tested in
the treatability study are not exceeded during waste processing. The
treatability study results indicate that the CSS formulation will produce a final
product which meets all regulatory requirements if the waste loadings are
maintained within the above ranges.

Process Control Philosophy

The key control parameters during the treatability study were total solids, total
dissolved solids, total suspended solids, and water to pozzolan ratio. The
relationships between these parameters have been depicted graphically in Figures
3-5 to 3-8. To ensure that the solidified waste product can be certified, waste
processing must comply with the conditions shown in Figures 3-5, 3-6, 3-7, and
3-8.

During remediation the process will be controlled by monitoring the input and
output slurry specific gravities. The input specific gravity corresponds to a
total solids and water content, which at a specified water to pozzolan ratio,
determines the required specific gravity of the output. The nuclear densometer
on the RCM continuously monitors the output specific gravity and makes any
necessary adjustments to the pozzolan feed to maintain the output specific
gravity to within 1% of the set point.

Regulatory Compliance

Based on the analytical results from the treatability study, it can be concluded
that if the treatment process is operated within the stated conditions for

Deliverable (Combined) 235A and 235B
POND 2078 AND CLARIFIER
TREATABILITY STUDY REPORT 6-6



chlorination, CS$ binder formulation, pozzolan blend, water to pozzolan ratio,
and waste loading, then the final solidified waste should comply with all

acceptance criteria. The acceptance criteria include the following:

. Pass all LDR requirements for FO001, F002, F003, FO005, FO006, FO007,
and F009 listed wastes as regulated by 40 CFR Part 268.

. Pass the requirements for characteristic wastes by toxicity for
D004, D006, and D007 as regulated by 40 CFR Part 261.

. The final waste form should be considered a solid as determined by
the Standard Test Method for Determining Whether a Material is a
Liquid or a Solid (ASTM D4359-84).

. The final waste form should have no free liquids as determined by
the Paint Filter Liquids Test (SW846, Method 9095).

. The final waste form should achieve acceptable strength as measured
by unconfined compressive strength (UCS).

. The final waste form should be adeguately disinfected.

Deliverable (Combined) 235A and 235B
POND 207B AND CLARIFIER
TREATABILITY STUDY REPORT 6-7



REFERENCES
Carpenter, Philip L. 1977. "Microbiology, Fourth Edition", Philadelphia,
Pennsylvania.
Conner, Jesse R. 1990. "Chemical Fixation and Solidification of Hazardous

Wastes". Van Nostrand Reinhold, New York, New York.

Corbitt, Robert A. 1989. "Standard Handbook of Environmental Engineering”, New
York, New York.

EG&G Rocky Flats, 1990. Rocky Flats Plant Site Environmental Report for 1990.

HALLIBURTON NUS, July 1991. Deliverable (combined) 211A, 211E, 221A, and 221E.
Pond Sludge Sampling Plan, Clarifier Sampling Plan, Pond Sludge Analysis Plan,
and Clarifier Analysis Plan.

HALLIBURTON NUS, September 1991. Deliverable (combined) 231A, 231B, 231C, and
231E. Pond Sludge Treatability Study Work Plan, Pondcrete Treatability Study
Work Plan, Saltcrete Treatability Study Work Plan, and Clarifier Treatability
Study Work Plan. Draft 2.

HALLIBURTON NUS, March 1992. Deliverable (combined) 224A and 224E. Pond Sludge

Waste Characterization Report and Clarifier Sludge Waste Characterization Report.

Halliburton Services Research Services, April 1992. Examination of Solidified
Sludge from Rocky Flats.

Hodges, S.M., Denault R.P. "Emergency Avoidance Solidification Campaign of
Liquid Low-Level Waste at the Melton Valley Storage tank Facility"”. LN
Technologies Corporation.

Mcvay C.W., Stimmel J.R., Marchetti S. "WVNS Experience with Cement
Solidification of Decontaminated Spent Fuel Waste”. West Valley Nuclear Services
Co. Inc., West Valley, NY.

Deliverable (Combined) 235A and 2358
POND 207C AND CLARIFIER
TREATABILITY STUDY REPORT



Ouyang, Chengsheng; Antonio Nanni, and Wen F. Chang 1988. "Internal and External
Sources of Sulfate Ions in Portland Cement Mortar: Two Types of Chemical
Attack." Cement and Concrete Research, Vol. 18, pp. 699-709.

Portland Cement Association, 1979. "Design and Control of Concrete Mixtures,
Twelfth Edition."™ Portland Cement Association, Skokie, Illinois.

Sams, T.L., McDaniel, E.W. "Development of a Cement-Based Grout for
Immobilization of a Low-~Level Waste Stream Containing Sodium Sulfate". Chemical

Technology Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee.

U.S. EPA, September 1979. United States Environmental Protection Agency, Process

Design Manual, Sludge Treatment and Disposal.

Weber, Walter J. 1972. "Physicochemical Processes for Water Quality Control",
New York, New York.

Wienand, Joe and Steve Howard, 1992. "Rocky Flats Solar Pond Program Lessons

Learned." DOE Rocky Flats Office.

Whilite, E.L. "Conceptual Development for Saltstone and Low-Level Waste
Disposal". E.I. du Pont de Nemours and Company, Savannah River Laboratory,

Aiken, South Carolina.

Deliverable (Combined) 235A and 2358
POND 207C AND CLARIFIER
TREATABILITY STUDY REPORT



v-c

uounlodioy mpusuuosncuy St

SN NOLYNAITIVH 8g#
=2 39noT

INN/HSVAY/ININED ~ V4/D

A¥O/13M — /M

MYHL/323344 —~ 1/3

HLONINLS IAISSIUINOD GINLINOONN — SON

dOLS
413811 A8
IV 40 ONILSIAL

YIHLHNS ¥OJ QIIN

ONLLVNIN[13 ‘aNOd

0L02/M H3LIIYVYD
3NIGNOD OL 30YN NOISIDAQ

SALYOIIS ONY S¥3614 JLSVId

HLIM HSYA4/LN3N3D/ 3NN
ONISN Q3NY0JIINd INILSAL

!

YIAIT¥VI0

‘3d103y MJISSIIINS

Y04 Q3ININY3ILIQ Y04 Q3NInWN3L30
JJOTIANI XIn IJOIANT XIN
SLNINZNIND3Y "SLNIN3YINDIY
NOLLVOLILLNDD NOLLYDLJLLM3D

TIv 03ssvd MY Qassvd
XAUVV/M V42 V3i/90

[

U314I¥VID ® ANOd 2.0Z

L

0JVH0109 "NIT109 "SIV L300y
WVESVIT J190T XANIS AINIavVIVIdL SISV D/ 5202 aNod

3dI03Y MNISSIDANS

U034 G3ININYNAL30 ¥0J O3NINN3L3Q
3dOT3AN3 XIN 3d40T13AN3 XINn
SLNENNIND Y “SLN3N3NIND3Y
NOLLYQLILLH3D NOLLYD1J1L 430

Tv Q3Issvd TV 03SSvd
X3aLvV/M 1/3/9 V'3/0

L J
_

1S ® H3lvm ANOd 9L0Z

“3d103y NSSI00NS

“3dI03¥ NISS30ONS
¥O3 CININMELI0
340TAANI XIn
SLN3NEYIND3Y
NOLLYOLILLY3D
Tiv Q3ssvd

|

XaLv1/m 1/4/9

L

“3d103Y n4SS300nS

¥04 Q3INIMMAI3G -
3dJOTIAN3 XIN
SININNINDIY
NOLLYOLILLY3D

Tv a3Issvd

!

<L\ o]

d3LVM ONOd J.02

|

NOILVWYIANOD AYOLYINDIY
Al/111 3SYHd

ONLLSAL JuNLNd 304 Q3NIvLIY dOLS
ONLLSAL ALIIBYHNG 03LVY3300V
03SSYd ANV S1IN53Y SoN

‘NOLLVH30ISNOD 3nLnd
NO¥3 QALVYNINITI
FGVL4300Y Q3AIIHOV "13S IN3n30 G30uvL3Y

| |

3JALLIOCY ON SZ—yH

L |

JdOLS

‘NOLLVYH3JISNOO FuNnLNJ
NOYUS QRIVNIN[I3
138 IN3IN30 030uvL3Y

*

dOLS
'NOLLVY3QISNOD 3unLng
NOHd QALVNINII LI43N38
TYNOLLIGOY “Iv3d ON G3IMOHS LNng
‘SLINSIY SON @YLHI0OY QIAIIHOV

|

¥ —4H

S¥3814 JlSvd

dOlS
‘NOLLYH30ISNOD 3¥ninJ
NOY4 GILYNININI °L143N38

TYNOILIOGY Tv3Y ON G3MOHS Lne
‘S1INS3Y SN NEVLJE0OV QINIIHOV

|

S—V40,
ALvOITIS WNIQOS

[

|

1%043¥ Aanis ALIT18vViV3INL
HILITAVID OGNV 2202 aNOd
8SE2 Pue VSe2 (Pauiquol) ajqesaaliag

ONLLSL 3¥NLind ¥04 QaNIvL3y

ONLLS3L ALTIISVANG G3LVY¥I300V

q3ssvd ONY SLINS3Y Son
F18YLd3D0V G3AIIHOV

*

0002 X31v1

]

_
_

S3IALLIAAV/M 3NI/HSVA14/LN3IN3D
ONOd 2L0Z

|

_

JONYWHOIY3d ALINIBYENG WH3L 9NOT
3A0YdNI OL ONILSAL S3Alllogy
ONINIZYOS 11/ 3ISVYHI

318vLd300V LON
ONLISAL
ALITIBYYNG O/M % 1/4

_

SY3L3NYHVd 3IS3HL Y04
3HIND3Y LN3INDO3A30
3dI03y ¥3IHLUNS ON

_

~ |

Q3ssvd T\8vL430V

| |

SIVI3N-4T0L soNn

_

.

[

0002 X3ALVY/M 3NI/HSYALY/LIN3WIO D02
3WI/HSYATY/IN3N3D 2202
ONLLSAL ANVNINITINd

() z6/L0/to

OMT’10~-L0Z6\89NZ :QVOV



